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The M e t a l l i c  D e r i v a t i v e s  o f  T h io l  camphor 
o f  some T h i o l - e s t e r a l
( Druiwmono ano Q-tesoN  ̂ Z c.s.  ̂ 1736/ 3073J
D u r in g  th e  c o u r s e  o f  some s y n t h e t i c  work on
d i s u l p h o x l d e s  t h e  f a c t s  w i th  w hich  t h i s  p a p e r  d e a l s  w e re
b r o u g h t  to  l i g h t ,  and  t h e  compounds v/hich we d i s c o v e r e d
seem t o  b e  r e p r e s e n t a t i v e s  o f  a c l a s s  o f  w h ic h  many
i n t e r e s t i n g  c a s e s  have  been  d e s c r i b e d  s i n c e  o u r  work was
c o m p le te d .
The o r i g i n a l  aim was to  p r e p a r e  d icam p h o r j^ l-  
d i s u l p h o x i d e .  I I I ,  by th e  i n t e r a c t i o n  o f  s i l v e r  t h i o l  cam phor, 
I ,  an d  camphor s u lp h o n y l  c h l o r i d e ,  I I *
SÀ g' 'C liSO o C 
-  I V -------------- I I .
C. 3 . so* C 
“  I I I .  -
w h e re  C r e p r e s e n t s  th e  group*
c = o
C K . C . C H
We t h o u g h t  we had  o b t a i n e d  th e  r e q u i s i t e  s i l v e r  
th io lo a m p h o r  by  th e  i n t e r a c t i o n  o f  e q u im o le c u la r  p a r t s  o f  
s i l v e r  n i t r a t e  and t h i o l  camphor i n  a l c o h o l  b u t  o u r  r e p e a t e d  
f a i l u r e s  to  o b t a i n  any o f  s u b s ta n c e  I I I ,  a n d  t h e  f a c t  t h a t  
t h e  m e r c a p t i d e .  I ,  was som etim es y e l lo w  and  o i l y  l e d  u s  to  
e x a m in e /
2 .
exam ine i t  more c l o s e l y .  A t te m p t in g  to  remove t h e  o i l  
by w a s h in g  th e  m e r c a p t id e  w i t h  b e n z e n e ,  we w ere  s u r p r i s e d  
to  f i n d  t h a t  t h e  w h o le  p r o d u c t  r e a d i l y  d i s s o l v e d  t h e r e i n .  
T h is  r e s u l t  was so u n e x p e c te d  t h a t  we p r e p a r e d  a  f r e s h  
sam ple  o f  t h e  s u b s ta n c e  and w ere c o n fu se d  to  f i n d  t h a t ,  
th o u g h  th e  c o n d i t i o n s  o f  th e  p r e v io u s  p r e p a r a t i o n  had  been  
c l o s e l y  f o l lo w e d ,  th e  p ro d u c t  was q u i t e  i n s o l u b l e  i n  
b e n z e n e .  The p r o d u c t s  o f  su c c e e d in g  p r e p a r a t i o n s  w ere  
s o l u b l e ,  i n s o l u b l e  and p a r t l y  s o lu b l e ,  u n t i l  we d i s c o v e r e d  
t h a t  two s i l v e r  compounds e x i s t e d ,  one w h i t e  and  i n s o l u b l e  
i n  b e n z e n e  and  th e  o t h e r ,  y e l lo w  and v e r y  s o l u b l e  i n  t h a t  
s o l v e n t ;  a n d  t h a t  th e  p r o p o r t i o n s  i n  w h ic h  th e  t h i o l  camphor 
a n d  s i l v e r  n i t r a t e  w ere  ta k e n  d e te rm in e d  w h ich  p r o d u c t  
w ou ld  be o b t a i n e d .
S l i g h t l y  o v e r  tw ic e  th e  t h e o r e t i c a l  q u a n t i t y  o f  
s i l v e r  n i t r a t e ,  when m ixed w i th  th io lc a m p h o r  i n  a l c o h o l ,  
p ro d u c e d  a w h i t e ,  c r y s t a l l i n e  compound, v /h ich  v/as r e m a rk a b ly  
i n s o l u b l e  i n  a l l  s o lv e n t s  e x c e p t  c h l o r o f o m .  T h is  s u b s t a n c e  
y i e l d e d  t h e  brovm r i n g ,  w h ich  c h a r a c t e r i s e s  th e  n i t r a t e  
r a d i c l e ,  and  a n a l y s i s  r e v e a l e d  th e  c o m p o s i t io n ,
^,o H f s O ' S A ÿ y  ■ One h a l f  o f  t h e  s i l v e r  was
fo u n d  to  be i o n i s a b l e .  Though i n s o l u b l e  i n  b e n z e n e ,  
t h e  s u b s ta n c e  was r e a d i l y  s o lu b l e  i n  b e n z e n e  c o n t a i n i n g  
th io lc a m p h o r  and  from th e  r e s u l t i n g  o r a n g e - r e d  s o l u t i o n  
by p r e c i p i t a t i o n  w i th  p e tro le u m  e t h e r  was o b t a i n e d  t h e  
y e l l o v / /
3 .
y e l lo w  s i l v e r  compound* T h is  s u b s ta n c e  a l s o  c o n ta in e d  
th e  n i t r a t e  r a d i c l e  and a n a l y s i s  shewed th e  c o m p o s i t io n ,
^ ^ 3 / Hz ^  j  and one t h i r d  o f  t h e  s i l v e r  
was fo u n d  to  be  i o n i s a b l e .  The abnorm al c o m p o s i t io n  o f  
b o t h  t h e s e  m e r c a p t id e s  p r o v id e s  an  e x p l a n a t i o n  o f  th e  
f a i l u r e  o f  t h e  s y n t h e t i c  e x p e r im e n ts .
I t  was found t h a t  s l i g h t l y  o v e r  one t h i r d  o f  
t h e  q u a n t i t y  o f  th io lc a m p h o r ,  w h ich  was com bined i n  th e  
f i r s t  s u b s t a n c e ,  was r e q u i r e d  to  c o n v e r t  i t  i n t o  t h e  
compound s o l u b l e  i n  b e n z e n e ,  t h a t  i s ,  t h a t  t h r e e  m o l e c u l e s  
o f  t h e  w h i t e  s i l v e r  s u b s ta n c e  u n i t e d  w i t h  one m o le c u le  o f  
t h io lc a m p h o r  to  p roduce  th e  s o l u b l e ,  y e l lo w  compound.
The r e a c t i o n  was fo rm u la te d  a s  f o l l o w s ; -
2  { c, ^ h „ o . s a ^ ) ^ , a ^ n o , , h , o  -h h n o ^  +  h, o .
a n d  t h e  s e p a r a t i o n  o f  w a te r  was a c t u a l l y  o b s e rv e d  i n  
t h e  b e n z e n e .
As th e  y e llo v / compound d e p r e s s e d  t h e  f r e e z i n g  
p o i n t  o f  b e n z e n e  v e ry  s l i g h t l y ,  t h e  p o s s i b i l i t y  o f  t h e  
s o l u t i o n  b e in g  c o l l o i d a l  was s u g g e s te d  to  u s ;  b u t  n e i t h e r  
t h e  T y n d a l l  cone n o r  Brownian movement was o b s e rv e d  and  
s o l u t i o n s  o f  t h e  s u b s ta n c e  i n  b o th  ben zen e  an d  e t h y l e n e  
d i(^brom ide d i f f u s e d  r a p i d l y  th ro u g h  p a rc h m e n t .
D u r in g  a t r i a l  p r e p a r a t i o n  o f  th io lc a m p h o r  i n  
w h ic h  n i c k e l  w as u s e d  i n s t e a d  o f  t i n  f o r  t h e  r e d u c t i o n  
o f /
4 .
o f  c a m p h o r s u lp h ln ic  a c i d ,  a n i c k e l  compound o f  a d eep  
brown c o l o u r  was o b s e r v e d  i n  th e  s team  d i s t i l l a t e  and  
i t  seem ed p r o b a b le  t h a t  th e  th io lc a m p h o r  had  u n i t e d  
w i t h  n i c k e l  o r  n i c k e l  c h l o r i d e  to  form a d e r i v a t i v e  o f  
a b n o rm a l  p r o p e r t i e s .  The a c t i o n  o f  th io lc a m p h o r  on n i c k e l  
c h l o r i d e  was t h e r e f o r e  exam ined ,
T h io lcam p h o r  i n  a l c o h o l i c  s o l u t i o n  d i d  n o t  
r e a c t  r e a d i ly  w i t h  n i c k e l  c h l o r i d e  b u t  t h e  a d d i t i o n  o f  
an  e q u i v a l e n t  q u a n tity  o f  sodium c a r b o n a te  o r  p r e fe r a b ly  
sodium  a c e t a t e  ( t o  p r o v id e  n i c k e l  a c e t a t e  i n  s o l u t i o n )  
produced a n  im m e d ia te  r e a c t i o n ,  w h ich  was i n d i c a t e d  by 
th e  deep  brown c o l o u r  o f  th e s o l u t i o n .  From t h i s  was 
i s o l a t e d  a m ahogany-coloured  s o l i d ,  v ery  s o lu b le  in  
b en zen e and o th e r  o r g a n ic  s o lv e n t s  but q u i t e  in s o lu b le  
i n  w a te r . T h is su b sta n c e  r a p id ly  s o fte n e d  on h e a t in g  
to  a d a r k - c o l o u r e d  l i q u i d . By a n a l y s i s  th e  ap p aren t  
c o m p o s it io n , f w a s  o b ta in e d , and from  i t s  
p r o p e r t i e s  th e  compound appeared t o  be a co —o r d in a te d  
com plex r a th e r  than a s a l t .
I t  t h i s  p o in t  i t  was th o u g h t  a d v i s a b l e  t o  um der- 
ta k e  a su rv ey  o f  th e  l i t e r a t u r e  w ith  a v iew  to  d is c o v e r in g  
o t h e r  e x a m p le s  p o s s e s s i n g  s i m i l a r , ab n o rm al p r o p e r t ie s , I f
such  e x i s t e d .
A t te n t io n  was d ir e c t e d  to  th e  r e s e a r c h e s  o f  
M o r ^  and  h i s  c o l la b o r a to r s  on th e  m e t a l l i c  d e r iv a t iv e s  
o i /
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o f  a c e t y l a c e t o n e  and o f  r e l a t e d  s u b s t a n c e s .
Morgan and  Moss ( J . G . S . ,  1 9 1 4 ,  3 ^ ,  189) p r e f a c e  
a n  a c c o u n t  o f  t h e i r  work a s  fo l lo w s
"The re m a rk a b le  p r o p e r t i e s  e x h i b i t e d  by many 
a c e t y l a c e t o n e s ,  t h e i r  n o n - i o n i s a b l e  c h a r a c t e r ,  t h e i r  
s o l u b i l i t y  i n  an h y d ro u s  o rg a n ic  s o l v e n t s  a n d ,  i n  
c e r t a i n  i n s t a n c e s ,  t h e i r  anom alous  c o l o u r s ,  have  l e d  
to  th e  view  t h a t  i n  t h e s e  compounds th e  m e t a l l i c  a tom s  
a r e  combined w i th  th e  u n s a t u r a t e d  o r g a n ic  com plex , n o t  
o n ly  th ro u g h  t h e i r  p r i n c i p a l  v a l e n c i e s ,  b u t  a l s o  by 
m eans o f  t h e i r  r e s i d u a l  a f f i n i t y  o r  a u x i l i a r y  v a l e n c y .
M o reo v er ,  as  t h e  u n i v a l e n t  o r g a n ic  com plex  
( fo rm u la  IV) c o n s i s t s  o f  an open c h a in  o f  f i v e  a to m s ,  
i t s  i n t i m a t e  a s s o c i a t i o n  w i t h  t h e  m e ta l  i s  assum ed to  
a r i s e  from th e  g e n e r a l  te n d en cy  to  form s i x  membered 
r i n g s  ( fo rm u la  V), th e  m e t a l l i c  atom  s e r v i n g  a s  th e  
c o n n e c t in g  l i n k  betw een  th e  e n d s  o f  t h e  o r g a n i c  g r o u p .
CH, CH,
CH
, c  0 —-
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The b e h a v io u r  o f  t h e s e  m e t a l l i c  d e r i v a t i v e s  on 
h e a t i n g  j u s t i f i e s  th e  c o n te n t io n  t h a t  a  s y m m e tr ic a l  
a r r a n g e m e n t  o f  a s s o c i a t i n g  u n i t s  con d u ces  to  s t a b i l i t y . "
I t  i s  o f  i n t e r e s t  to  n o te  t h a t  p r e v i o u s  to  t h i s ,  
i n  a  s tu d y  o f  t h e  s e l e c t i v e  a b s o r p t i o n  o f  K e to n e s ,  H en d erso n  
and H e i lb r o n  ( P ro c .  Roy. S o c . ,  A. 8 9 ,  1 9 1 5 -1 9 1 4 ,  416) s u g g e s t  
t h a t  i n  t h e s e  s u b s ta n c e s  a l t e r n a t e  f o rm a t io n  an d  b r e a k i n g  
down o f  u n s t a b l e  r i n g  sy s tem s  t a k e s  p l a c e  a n d ,  s e c o n d ly ,
!
t h a t  t h e  momentary fo rm a t io n  o f  t h e s e  r i n g  s y s te m s  i s  
e f f e c t e d  t h r o u g h  th e  agency  o f  f r e e  p a r t i a l  v a l e n c i e s ,  
w h ic h ,  u n d e r  c e r t a i n  c o n d i t i o n s ,  make t h e i r  a p p e a r a n c e  on 
t h e  atom s o f  th e  compound.
T h e i r  f o im u l a t i o n  o f  a c e t y l a c e t o n e ,  VI, c l o s e l y  







Morgan and h i s  f e l lo v / -w o rk e r s have  a l s o  
p r e p a r e d  and s t u d i e d  a n a lo g o u s  m e t a l l i c  compounds from  
b e n z o y l a c e t o n e ,  a c e t y l  m e th y la c e to n e ,  e t h y l  a c e t o a c e t a t e ,  
a c e t y l  m e s i t y l  o x id e ,  and  numerous o t h e r  /3  - d i k e t o n e s  and  
/3-ke t o - e s t e r s .
The h e t e r o c y c l i c  r i n g s ,  w h ich  Morgan s u p p o se s  
to  b e  p r e s e n t  i n  th e s e  compounds, have  been  te rm e d  " c h e l a t e "  
r i n g s  b e c a u s e  o f  th e  t e n a c i t y  o f  t h e  g r ip  on th e  i m p l i c a t e d  
m e t a l l i c  a tom . (The term  " c h e l a t e "  i s  a p p a r e n t l y  d e r i v e d  
from  th e  " c h e l a "  o r  g r e a t  claw o f  t h e  l o b s t e r  an d  o f  o t h e r
c r u s t a c e a n s )  .
T h is  c o n c e p t io n  o f  t h e  i m p l i c a t i o n  o f  m e t a l l i c  
a to m s  h a s  been  u s e f u l l y  a p p l i e d  to  th e  l a k e  d y e s  by t h e  
same a u t h o r .  ( J . G . 8 . ,  1922, 121, 2 8 5 7 ) .
S idgw ick  d e s c r i b e s  compounds o f  t h e  a l k a l i  m e t a l s  
w i t h  ^  —d i k e t o n e s  and ^  —k e t o —e s t e r  s .  ( J . C . 8 . ,  1 9 25 , 1 2 7 , 
2 3 7 9 ;  see  a l s o  J . C . S . ,  1924, 1 2 5 , 527 f o r  g e n e r a l  d i s c u s s i o n )  
To th e s e  m e t a l l i c  d e r i v a t i v e s  he  g i v e s  th e  ty p e  







W hile  h i  a m ethod o f  f o r m u la t i o n  i s  s l i g l i t l y  
d i f f e r e n t  f rom  M organ»s, th e  u n d e r l y in g  i d e a  i s  th e  seme. 
Si<^v/ick»s r e a s o n s  f o r  such  f o rm u la t io n  a r e  t h e  a b n o rm a l 
p r o p e r t i e s  o f  t h e s e  s u b s t a n c e s .  They a r e  e v i d e n t l y  n o t  
s a l t s  a s  th e y  do n o t  c h a r  on h e a t i n g  b u t  h a v e  d e f i n i t e  
m e l t i n g  p o i n t s  end a r e  r e a d i l y  s o lu b l e  i n  h y d r o c a r b o n s  
su ch  a s  b en zen e  and t o l u e n e .
O th e r  s u b s ta n c e s  a r e  d e s c r i b e d  by s id g w ic k  w h ic h  
a r e  t a k e n  to  b e  o f  th e  ty p e  shown i n  B. I n  t h e s e  compounds 
one  m o le c u le  o f  th e  o r g a n ic  body i s  c h e l a t e d  a ro u n d  t h e  
sodium  atom a s  i n  compounds o f  ty p e  A, w h i l e  a n o t h e r  
m o le c u le  o f  th e  o rg a n ic  s u b s ta n c e  i s  a t t a c h e d  o n ly  by 
r e s i d u a l  a f f i n i t y .  The e n o l i c  h y d ro g e n  i s  n o t  r e p l a c e d  
by t h e  m e t a l l i c  a tom . I n  many c a s e s  t h e  a d d i t i o n  compound 
i s  n o t  s t a b l e  and r e a d i l y  decom poses to  a s u b s t a n c e  o f  
t y p e  Ai
Compounds o f  th e  second  t y p e ,  B, p o s s e s s  d e f i n i t e  
m e l t i n g  p o i n t s ,  u s u a l l y  fo rm in g  c l e a r  l i q u i d s ;  th e y  a r e  
s o l u b l e  i n  o r g a n i c  s o l v e n t s  and  a r e  h i # l y  c o l o u r e d .
H a n tz sc h  ( H e r . ,  1906, 5 £ ,  3089) r e p o r t s  a y e l l o w  
compound o f  t h e  a d d i t i o n  ty p e  B from  s a l i c y l - a l d e h y d e .
9 .
I t  i s  o f  im p o r ta n c e  to  r e a l i s e  t h a t  t h i s  
r e p r e s e n t a t i o n  i s  m e re ly  an e x p o s i t o r y  d e v ic e  a n d  u s e f u l  
f o r  p u r p o s e s  o f  c l a s s i f i c a t i o n ,  h u t  d o e s  n o t  p r e t e n d  to  
e x p l a i n  t h e  a c t u a l  n a t u r e  o f  t h e  ty p e  o f  l i n k a g e  i n  o p e r ­
a t i o n .  C e r t a i n  s u b s ta n c e s  a r e  o b s e rv e d  to  p o s s e s s  a b n o rm a l 
p r o p e r t i e s  i n  common. I t  i s  a l s o  n o t i c e d  t h a t  su ch  b o d ie s  
c o n t a i n  a lo n g  w i th  r e p l a c e a b l e  h y d ro g en  one o r  m ore g ro u p s  
o f  u n  s a t u r a  t e d  c h a r a c t e r ,  ( c a r b o n y l - ,  n i t r o - ,  a m in o - ,  e t c . ) ,  
and  when th e  un s a t u r a  t e d  group i s  a b s e n t ,  d e r i v a t i v e s  o f  
n o rm a l  p r o p e r t i e s  a r e  o b t a i n e d .  I t  i s  t h e r e f o r e ,  a t  l e a s t ,  
p e r m i s s i b l e  to  assume t h a t  some c a u s a l  c o n n e c t io n  e x i s t s  
b e tw een  t h e  p r e s e n c e  o f  th e  un  s a t u r a t e d  g ro u p  and  t h e  
ab n o rm a l p r o p e r t i e s .
W ith  t h e s e  c o n s i d e r a t i o n s  i n  v iew , Morgan and 
S idgw ick*  s c o n c e p t io n  has  b een  a p p l i e d  to  th e  m e t a l l i c  
d e r i v a t i v e s  o f  th io lc a m p h o r .  B e fo re ,  h o w ev er ,  t h i s  can 
be  d o n e ,  i t  i s  n e c e s s a r y  to  c o n s id e r  t h e  o r i e n t a t i o n  o f  
t h e  th io lc a m p h o r  m o le c u le .  I n  t h i s  s u b s t a n c e  t h e r e  i s  
r e p l a c e a b l e  hyd ro g en  i n  th e  t h i o l  g roup  an d  a l s o  an 
u n s a t u r a t e d  g ro u p  i n  th e  c a rb o n y l  o f  t h e  camphor m o le c u le ,  
b u t  a  know ledge  o f  t h e  r e l a t i v e  p o s i t i o n s  o f  t h e s e  i s  
r e q u i r e d .  As th e  c o n s t i t u t i o n  o f  th e  camphor m o l e c u l e ,
V I H ,  a n d  t h e r e f o r e  th e  p o s i t i o n  o f  t h e  k e t o n i c  g r o u p a i s  
w e l l  e s t a b l i s h e d ,  i t  re m a in s  to  c o n s id e r  t h e  p o s i t i o n  
o f  t h e  s u b s t i t u e n t  t h i o l  g r o u p in g .




The l a t t e r  p o i n t  h a s  b een  d e c i d e d  by t h e  r e c e n t  
w ork o f  W edekind, Schenk and S t u s s e r  ( B e r . ,  1925 , 633)
S t a r t i n g  w i t h  Key c h i  e r  » s camphor s u lp h o n y l  c h l o r i d e ,  IX , 
th e y  o b t a i n e d  a c h i  o r o s u lp h o x i  do cam phor, X, w h ic h  by 
o x i d a t i o n  i n  s e v e r a l  ways was c o n v e r t e d  i n t o  an a c i d ,  
w h ic h  was i d e n t i f i e d  a s  th e  k e t o p i n i c  a c i d ,  X I,  d e s c r i b e d  
by G i l l e s  and  Renwick ( J . C . S . ,  1897 , j ^ ,  1 3 9 7 , 1402) ,
The c o n s t i t u t i o n  o f  t h i s  a c i d  was c o n f i rm e d  by o x i d a t i o n  
to  ca rb o x y a p o c a m p h o r ic  a c i d ,  X I I I ,
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I t  i s  t h u s  e v id e n t  t h a t  k e t o p i n i c  a c i d  i s  
d e r i v e d  from  camphor s o l e l y  hy a l t e r a t i o n  o f  t h e  g r o u p s  
a t t a c h e d  to  c a rb o n  atom -  V ( f o rm u la r  V I I I )  and  i t  f o l lo w s  
t h a t  t h e  s u b s t i t u e n t s  i n  R e y c h l e r ' s  camphor s u lp h o n y l  
c h l o r i d e  m ust a l s o  be  p r e s e n t  i n  t h i s  p o s i t i o n .
B u rg e s s /
1 2 .
B urgess  and Lowry A?om o t h e r  e v id e n c e  r e a c h  
t h e  same c o n c lu s io n  ( J . C . S . ,  1925 , 127 , 2 7 9 ) .
As th io lc a m p h o r  can be o b ta in e d  by d i r e c t  
r e d u c t i o n  o f  t h i s  s u lp h o n y l  c h l o r i d e ,  i t  i s  f o r m u l a t e d  
a s  i n  XIV.
C . S H
CH. c= o
CH.
M e . C  Me
CH- CH.
M e.C  Me
Such a c o n f i g u r a t i o n  l e n d s  i t s e l f  to  t h e  
f o r m a t io n  o f  s ix-m em bered  r i n g s  and t h e r e f o r e ,  by 
a n a lo g y  w i t h  Morgan and s idgw ick* s compounds, t h e  
th io lc a m p h o r  d e r i v a t i v e s  w i l l  be o f  th e  ty p e  r e p r e s e n t e d  
i n  XV, w h ic h ,  how ever, u n l i k e  S idgwick* s ,  p o s s e s s  s i x -  
member ed r i n g s  c o n t a i n i n g  o n ly  one d o u b le  bond .
The w h i t e  s i l v e r  th io lc a m p h o r  d e r i v a t i v e ,
C,o H ,s  0  5 A j ,  A j N O ^ , H ; , 0  
i s  r e p r e s e n t e d  by XVI, i n  w h ich  one s i l v e r  atom i s  
u n i t e d  to  t h e  s u lp h u r  o f  th e  t h i o l  g ro u p ,  r e p l a c i n g  
t h e /
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t h e  h y d ro g e n ,  and by a u x i l i a r y  v a l e n c y  i t  i s  l i n k e d  to  
t h e  oxygen  o f  th e  c a r b o n y l .  We a r e  i g n o r a n t ,  h o w e v e r ,  
o f  t h e  n a t u r e  o f  t h e  u n io n  o f  t h e  m o le c u l e  o f  s i l v e r  
n i t r a t e  and, o f  w a t e r  w i t h  t h e  r e s t  o f  t h e  m o l e c u l e ,  
b u t  a s  h a l f  o f  t h e  s i l v e r  i s  i o n i  s a b l e  i t  can  be  c o n c lu d e d  






The c o n s t i t u t i o n  o f  t h e  y e l l o w  s i l v e r  d e r i v a t i v e ,
( ^ iO * ^ / s C .S A 9 ) ^ /  N O g ,  ,  i s  b ey o n d  u s ,  b u t  t h e
f a c t  t h a t  i n  s l i g h t l y  aq u e o u s  a l c o h o l  one  t h i r d  o f  t h e  
s i l v e r  i s  i o n i s e d  i n d i c a t e s  t h a t  two s i l v e r ,  a tom s a r e  
c o - o r d i n a t e d  and t h e  t h i r d  n o t .  B u t t h e r e  i s  t h e  p o s s i ­
b i l i t y ,  s u p p o r te d  by i t s  s o l u b i l i t y  i n  b e n z e n e ,  t h a t  t h e  
s u b s t a n c e  i s  an  u n s t a b l e  co m p lex , w h ic h  i m p l i c a t e s  t h e  
t h r e e  s i l v e r  a tom s b u t  w h ich  p a r t i a l l y  b r e a k s  down i n  
a q u eo u s  a l c o h o l .
The n i c k e l  d e r i v a t i v e  a l r e a d y  d e s c r i b e d  was 
f o r m u l a t e d  a s  ( 0 .  N c  b u t  i n  v iew  o f  S idgw ick*  s
a d d i t i o n  compounds (p ag e  g  ) i t  i s  now r e g a r d e d  a s  shown 
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The t h i r d  m o le c u le  o f  t h io l c a m p h o r  i s  a t t a c h e d  
to  t h e  n i c k e l  atom e n t i r e l y  by a u x i l i a r y  v a l e n c y .
The m o d i f i e d  fo rm u la  i s  s u p p o r t e d  by t h e  
f o l l o w i n g  f a c t s : -
(1) The n i c k e l  d e r i v a t i v e  i s  fo rm ed  by t h e  
im ra e d ia te  i n t e r a c t i o n  o f  n i c k e l  a c e t a t e  a n d  t l d o l c a m p h o r  
i n  th e  a b s e n c e  o f  any  o x i d i s i n g  a g e n t ,
3 C . SH + Ml Â =  ( ç . s ] N c , Ç . i H  + 3 H Â ,
O = t^ho'ryl  ̂ ,4 = acetatTe. j  
U n d er  su ch  c i r c u m s t a n c e s  i t  i s  u n l i k e l y  t h a t  t h e  p r o d u c t  
w o u ld  c o n t a i n  t r i v a l e n t  n i c k e l *
(2) The c l o s e l y  r e l a t e d  n i c k e l  d e r i v a t i v e s  
o f  m e th y l  t h i o l p r o p i o n a t e  and e t h y l  t h i o l a c e t a t e ,  w h ic h  
a r e  d e s c r i b e d  i n  a l a t e r  p a r t  o f  t h i s  p a p e r ,  a r e  p r e p a r e d  
u n d e r  e x a c t l y  s i m i l a r  c o n d i t i o n s  and  c o n t a i n  q u i t e  
d e f i n i t e l y  d i v a l e n t  n i c k e l , a s  i n  t h e s e  c a s e s  t h e  a d d i t i o n  
o f  a  m o le c u le  o f  th e  t h i o l e s t e r  d o e s  n o t  t a k e  p l a c e .
I n  t h e  f o l l o w i n g  t a b l e  a r e  l i s t e d  t h e  m e t a l l i c  
d e r i v a t i v e s  o f  t h io lc a m p h o r .
1 5 .
S i l v e r  th io lc a m p h o r  
a r g e n t i n i t r a t e .
W h ite  c r y s t a l s ,  s o l u b l e  i n  
c h lo r o f o r m ,  o p t i c a l l y  a c t i v e .
D i - s i l v e r  th io lc a m p h o r  
a r g e n t i n i t r a t e .
Y e l lo w  s o l i d ,  v e r y  s o l u b l e  
i n  b e n z e n e ,  o p t i c a l l y  a c t i v e .
Z in c  b rom ide No d e r i v a t i v e  i s o l a t e d ,  th o u g h  
s t a b l e  d e r i v a t i v e  s u s p e c t e d  by 
Lowry en d  D o n n in g to n ,
( J . C . S . ,  1903 , 8 3 ,  4 8 0 ) .
T h io lcam p h o r  cadnrfii^- 
b r o m id e .
Y' lhi te  c r y s t a l s ,  i n s o l u b l e .
T h io lcam p h o r  
mer c u r i  c h l o r i d e .
W h ite  s o l i d ,  s p a r i n g l y  s o l u b l e .  
(Lowry and  D o n n in g to n ) .
L e a d  th io l c a m p h o r . I n s o l u b l e  s o l i d .
(Lowry and  D o n n in g to n )  .
C u p r io  c h l o r i d e . O x id is e d  th io lc a m p h o r  to  camphor 
d i s u l p h i d e .
F e r r i c  c h l o r i d e . o x i d i s e d  a l s o .
G r e a t  s u s c e p t i b i l i t y  to  o x i d a t i o n  
i s  c h a r a c t e r i s t i c  o f  t h i o l ­
camphor .
1 6 .
T h io lcam p h o r  s t a n n o c h l o r i d e . F e a t h e r y  c r y s t a l s .  M .P. 1 8 7 ^ ,  
v e r y  s o l u b l e  i n  o r g a n i c  
s o l v e n t s .
N ic k e l  t h i 0 Ic a m p h o r . M ahogany-C O loured  s o l i d ,  
v e r y  s o l u b l e  i n  b e n z e n e ,  
e t c . ,  s o f t e n s  w i t h  h e a t .
C o b a l t  c h l o r i d e . No d e r i v a t i v e  i s o l a t e d  b u t  
b lu e  s o l u t i o n  i n  b e n z e n e  
o f  u n s t a b l e  compound.
P o ta s s iu m  h y d r o x id e . No d e r i v a t i v e  fo rm ed . 
(Lowry and  D o n n i n g t o n ) .
I n  p r e p a r i n g  t h e s e  compounds i n  a  s t a t e  o f  
p u r i t y  s u i t a b l e  f o r  a n a l y s i s ,  i t  w as n e c e s s a r y  to  u s e  
t h e  r e a c t a n t s  i n  t h e i r  e q u i v a l e n t  q u a n t i t i e s ,  a s  some 
o f  t h e  d e r i v a t i v e s  c o u ld  n o t  be p u r i f i e d  r e a d i l y  by 
e i t h e r  c r y s t a l l i s a t i o n  o r  p r e c i p i t a t i o n ,  a n d  i n  t h e  
e a r l i e r  s t a g e s  o f  th e  s tu d y  o f  t h e  s u b s t a n c e s ,  r e p e a t e d  
t r i a l s  w ere  r e q u i r e d  to  d i s c o v e r  w h a t  t h e  e q u i v a l e n t  
q u a n t i t i e s  w e re  b e f o r e  a p u re  compound c o u ld  be  o b t a i n e d .
W ith  a  view  to  c o n f i r m in g  t h e  v iew  t h a t  t h e  
c a r b o n y l  g ro u p  i n  th io lc a m p h o r  f u n c t i o n s  i n  t h e  p r o d u c t i o n  
o f  t h e  ab n o rm al m e t a l l i c  d e r i v a t i v e s ,  i t  was d e c id e d  to  
exam ine  th e  m e t a l l i c  d e r i v a t i v e s  o f  a m e r c a p ta n  a s  c l o s e l y  
r e l a t e d /
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r e l a t e d  to  th io lc a m p h o r  a s  p o s s i b l e  b u t  from  w h ic h  th e  
c a rb o n y l  g roup was a b s e n t .  F o r  t h i s  p u r p o s e  t h i o b o r n e o l  
was c h o s e n ,  X V III .
CH: C H , . 5 H
CH, C
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CH.SH C = 0
M e•C . Me
XlZni THtQL CAMPHOR.
We d i d  n o t ,  h o w e v e r ,  f i n d  t h e  d e r i v a t i v e s  o f
t h i o b o r n e o l  to  be  ab n o rm al i n  any  w ay , w h ic h  w ould  im p ly  
t h a t  t h e  p r e s e n c e  o f  th e  c a r b o n y l  g ro u p  i s  a n e c e s s a r y  
c o n d i t i o n  f o r  th e  a b n o r m a l i t i e s  w h ic h  we h av e  d e s c r i b e d .
The c o m p a r iso n  v/as e x te n d e d  t o  t h e  s i m p l e s t  
s u b s ta n c e  w h ich  c o n t a i n s  th e  g r o u p in g  p r e s e n t  i n  t h i o l ­
cam phor, a  c o n d i t i o n  f u l l y  f i l l e d  by m e th y l  t h i o l -  
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T h i o l c a m p h o r
1 8 .
The e s t e r  w as c h o se n  r a t h e r  t h a n  t h e  a c i d  to  
a v o id  t h e  c o m p l i c a t io n  o f  t h e  c a r b o x y l i c  h y d ro g e n .  B ragg  
and  Morgan ( P ro c .  Roy. S o c . ,  1 9 2 3 ,  (A ) ,  1 0 4 , 437) c o n c lu d e  
t h a t  i n  e s t e r s  th e  c a r b o n y l  r e t a i n s  i t s  i n t e g r i t y  and  
un  s a t u r a t e d  c h a r a c t e r ,  w h i l e  i n  t h e  f r e e  a c i d s  t h e  n a t u r e  
o f  th e  g ro u p  i s  somewhat d i f f e r e n t .
The m e t a l l i c  d e r i v a t i v e s  o f  t h e  e s t e r  show 
a b n o r m a l i t i e s  s i m i l a r  to  th o s e  o f  t h e  t h io lc a m p h o r  com pounds. 
The s i l v e r  d e r i v a t i v e  , Hy 0^ S i s  o f
a n a lo g o u s  c o m p o s i t io n ,  b u t  i s  o n ly  s p a r i n g l y  s o l u b l e  i n  a 
s o l u t i o n  o f  t h e  p a r e n t  e s t e r  i n  b e n z e n e ,  t h u s  a  se c o n d  
s i l v e r  compound, c o r r e s p o n d i n g  to  t h e  y e l lo w  s i l v e r  
d e r i v a t i v e  o f  t h io l c a m p h o r ,  was n o t  o b t a i n e d .
The n i c k e l  d e r i v a t i v e ,  XX, w as m a h o g a n y - c o lo u re d ,  
c r y s t a l l i n e ,  v e ry  s o lu b l e  i n  b e n z e n e  a n d  s o f t e n e d  r e a d i l y  
on h e a t i n g ,  b u t ,  u n l i k e  th e  n i c k e l  compound from t h i o l ­
cam phor, i t  d i d  n o t  c o n t a i n  a n  a d d i t i o n a l  m o le c u le  o f  
th e  t h i o l e s t e r .
CH5— s
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The s im p le r  body , e t h y l  t h i o l a c e t a t e ,  XXI, 
w h ic h  l e n d s  i t s e l f  to  t h e  f o r m a t i o n  o f  f iv e -m e m b e re d  
r i n g s ,  y i e l d e d  a  s i l v e r  compound o f  a n a lo g o u s  c o m p o s i t i o n ,  
OgS yAg/ R o u i l l e r  ( J .  Amer. Chem. S o c . ,
1919 , 4 1 , 777) d e s c r i b e s  a s i l v e r  d e r i v a t i v e  o f  t h i s  
e s te r^ ,  A j S .  CH^-CO. O y b u t  h i s  w ork  i s  l a r g e l y  
i n v a l i d a t e d  by h i s  c o n f e s s i o n  o f  u n s a t i s f a c t o r y  a n a l y s i s ,  
w h ich  he  d o e s  n o t  seem to  h av e  t r a c e d  t o  t h e  a b n o r m a l i t y  
o f  t h e  compound. I n  f a c t  a l l  t h e  work on t h e  m e t a l l i c  
d e r i v a t i v e s  o f  " e t h y l  t h i o g l y c o l l a t e "  ( e t h y l  t h i o l a c e t a t e ) ,  
w h ic h  h i s  p a p e r  c o n t a i n s ,  r e q u i r e s  c a r e f u l  r e p e t i t i o n .
The n i c k e l  d e r i v a t i v e  o f  t h e  e s t e r ,  X X II,  i s  
t h e  m o st i n t e r e s t i n g  o f  a l l  t h e  d e r i v a t i v e s  we h a v e  
d e s c r i b e d .  I t  was o b t a i n e d  i n  l u s t r o u s ,  v i o l e t  n e e d l e s ,  
v e ry  s o l u b l e  i n  b e n z e n e  and  m e l t e d  s h a r p l y  w i t h o u t  decom­
p o s i t i o n  a t  101® to  a  deep  c o l o u r e d  l i q u i d .  T h is  f i v e -  
membered r i n g  d e r i v a t i v e  i s  m ore s t a b l e  an d  b e t t e r  d e f i n e d  
th a n  t h e  c o r r e s p o n d in g  s ix -m em b ered  com pounds.
— H /  S
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Prom th e  c a s e s  s t u d i e d  i t  a p p e a r s  t h a t  t h e  
c a r b o n y l  and  t h i o l  g r o u p s  f u n c t i o n  t o g e t h e r  i n  t h e  
f o r m a t io n  o f  t h e s e  u n u s u a l  com pounds; a n d ,  i n  g e n e r a l ,  
s u b s t a n c e s  o f  t h i s  ty p e  can be  d e t e c t e d  by  a d d in g  th e  
o r g a n i c  body  to  a s o l u t i o n  o f  n i c k e l  c h l o r i d e  an d  sodium 
a c e t a t e ,  f o l lo w e d  by s h a k in g  t h e  m i x t u r e  w i t h  b e n z e n e .
The a b n o r m a l i t y  i s  i n d i c a t e d  by th e  r e s u l t i n g  m ahogany-  
brown c o l o u r a t i o n  i n  t h e  b e n z e n e  l a y e r .
The n i c k e l  d e r i v a t i v e s  o f  (3 - t h i o l p r o p i o n i c  









The f i r s t  w as s i m i l a r  to  th e  p r e v i o u s  n i c k e l  
compounds i n  c o lo u r  o n l y ,  w h ic h  may i n d i c a t e  t h a t  i t  
i s  a com plex  o f  a  d i f f e r e n t  k i n d ;  and t h e  l a t t e r  was 
d i r t y  g r e e n  and e v i d e n t l y  c o n t a i n e d  i o n i s a b l e  n i c k e l .
L i p s c h i t z  (K ec . t r a v .  c h i m . , 1 9 2 2 ,  41^, 627) 
d e s c r i b e s  m e t a l l i c  d e r i v a t i v e s  from  h y d r o x y m e th y le n e -  
cam phor, XXV, w h ich  a r e  p r o b a b ly  o f  t h e  ty p e  shown, . 
th o u g h  he d o e s  n o t  a s c r i b e  any  c o n s t i t u t i o n  to  them .
ÇH3 ÇH3
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The p r e c e d i n g  e x p e r im e n t s  w e re  r e n d e r e d  p o s s i b l e
by th e  d i s c o v e r y  t h a t  Lowry a n d  D o n n in g to n * s  o r i g i n a l
m ethod  ( J . C . S . ,  1 9 0 3 ,  8 3 , 480) f o r  p r e p a r i n g  th io l c a m p h o r
from  camphor s u lp h o n y l  c h l o r i d e  i s  m a t e r i a l l y  im p ro v e d
by f i r s t  r e d u c i n g  t h e  c h l o r i d e  to  t h e  s u lp h m a ic  a c i d  and
th e n  r e d u c i n g  t h i s  to  t h e  m e rc a p ta n *  T h i s  m e th o d  a r o s e
from  t h e  c o n s i d e r a t i o n  t h a t  p r o b a b ly  t h e  p o o r  y i e l d
o b t a i n e d  by t h e s e  a u t h o r s  w as due  to  t h e  h y d r o l y s i s  o f  a
l a r g e  p a r t  o f  t h e  s u lp h o n y l  c î i l o r i d e  to  s u lp h o n ic  a c i d
b e f o r e  t h e  r e d u c i n g  a g e n t  w as a b l e  to  t a k e  e f f e c t .  To
t e s t  t h i s  s u p p o s i t i o n  we exam ined  r o u g h l y  t h e  r a t e  o f
h y d r o l y s i s  o f  t h e  s u lp h o n y l  c h l o r i d e  i n  b o i l i n g  w a te r
an d  fo u n d  i t  to  b e  v e r y  r a p i d .  
e
H i l d l &  ( J . C . S . ,  1 9 1 0 ,  1096) h a s  shown t h a t
t h e  r e d u c t i o n  o f  s u lp h o n y l  c h l o r i d e  t o  s u l p h i n i c a c i d  
can  b e  e c o n o m ic a l ly  e f f e c t e d .  When t h i s  a c i d  i s  c a r e f u l l y  
r e d u c e d  a s  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  p a r t  o f  t h i s  
p a p e r ,  t h e  y i e l d  o f  th io l c a m p h o r  i s  t h r e e  t i m e s  t h e  b e s t  
c la im e d  by  Lowry and  D onn ing ton#
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2 2 .
S in c e  th e  above  work was r e m i t t e d  f o r  
p u b l i c a t i o n  t h e r e  h a s  a p p e a r e d  a n  e x c e l l e n t  v e r i f i c a t i o n  
o f  t h e  c h e l a t e  c o n c e p t io n  i n  t h e  w ork  o f  M i l l s  and  G o t t .  
( J . G . 8 . ,  1926, 1 2 9 , 3 l 2 l )  .
These a u t h o r s  h a v e  o b t a i n e d  from  b e n z o y l -  
p y r u v ic  a c i d ,  XXVI, b e r y l l i u m ,  c o p p e r  and z i n c  d e r i v a t i v e s  
o f  ty p e  XXVII, w h ic h  th e y  h av e  shown to  be c a p a b l e  o f  
e x i s t i n g  i n  d e x t r o  and l a e v o  m o d i f i c a t i o n s .
l '= 0  





These o b s e r v a t i o n s  shew t h a t  t h e  d e r i v a t i v e  
i s  n o t  a s im p le  b e r y l l i u m  s a l t  o f  t h e  e n o l i c  form  o f  
t h e  - d i k e t o n e  X X V III, s i n c e  a b e r y l l i u m  d e r i v a t i v e  
o f  b e n z o y l  p y r u v ic  a c i d  th u s  c o n s t i t u t e d  c o u ld  n o t  e x i s t  
i n  e n a n t io m o rp h o u s  f o r m s , M i l l s  i n d i c a t e s  t h e  l i n k i n g s  
i n  t h e  s ix -m em bered  r i n g s  i n  f o rm u la  XXVII by  s i n g l e  
l i n e s  w i t h  t h e  i n t e n t i o n  o f  l e a v i n g  open  t h e  q u e s t i o n  
o f  t h e  n a t u r e  o f  t h e s e  b o n d s ,  th o u g h  t h e  m e t a l l i c  atom  
i s  r e g a r d e d  a s  b e i n g  l i n k e d  to  t h e  f o u r  o x y g en  a to m s .
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t h a t  i s  to  s a y ,  a s  r e g a r d s  e n a n t lo m o rp h is in  t h e  a u x i l i a r y  
v a l e n c y  i s  a s  r e a l  a s  t h e  o r d i n a r y  v a l e n c y .  The o p t i c a l  
a c t i v i t y  i s  a c c o u n te d  f o r  on t h e  s u p p o s i t i o n  t h a t  t h e  
f o u r  oxygen  a to m s  to  w h ic h  t h e  b e r y l l i u m  i s  l i n k e d  a r e  
d i s p o s e d  t e t r a h e d r a l l y .
I t  i s  p r o b a b le  t h a t  su c h  a  d i s p o s i t i o n  i s  p r e s e n t  
i n  t h e  n i c k e l  d e r i v a t i v e s  o f  m e th y l  t h i o l p r o p i o n a t e  an d  
e t h y l  t h i o l a c e t a t e *
I n  t h i s  c o n n e c t io n  may b e  c i t e d  a  co m m u n ica t io n  
to  N a tu r e  (1 9 2 7 ,  M arch 5 ,  551) by Pope and  Mann, who 
d e s c r i b e  a  compound o f  f o rm u la  XXIX*
T h is  s u b s t a n c e  h a s  b een  r e s o l v e d  i n t o  o p t i c a l l y  
a c t i v e  m o d i f i c a t i o n s  w i t h  m o l e c u l a r  r o t a t i o n s  o f  -502® a n d  
+501®* The a sy m m e tr ic  c a rb o n  atom'X* o b v i o u s l y  m u s t  owe 
i t s  a c t i v i t y  t o  th e  r e a l i t y  o f  a u x i l i a r y  v a l e n c y .
S c h o l l  (A nnual R e p o r t s  Chem. S o c . ,  1 9 2 6 ,  155) 
c o n s i d e r s  t h a t  t h e  a u x i l i a r y  v a l e n c y  i s  p o w e r fu l  enough  
to  p r e v e n t  t r a n s f o r m a t i o n  t a k i n g  p l a c e  be tv /een  c i s and  t r a n s  







0 = c '
yxrr - X X X
2 4 .
M e t a l l i c  d e r i v a t i v e s  o f  c e r t a i n  m onoxim es, 
p o s s e s s i n g  t h e  a b n o r m a l i t i e s ,  w h ich  we have  d e s c r i b e d ,  
h av e  b een  p r e p a r e d  by T a y lo r  and Ewbank ( J . C . S . ,  1926 , 
N ovem ber, 2818) . These a r e  o f  ty p e  shown i n  XXXI.
M—— O
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Some o f  th e  c o b a l t  compounds r e s u l t i n g  from  t h e  
i n t e r a c t i o n  o f  t h e  oxime an d  c o b a l to u s  a c e t a t e  a r e  c o n s i d e r e d  
to  be  o f  t h e  ty p e  R g C o  , b u t  o u r  e x p e r i e n c e  w i t h  th e  n i c k e l  
d e r i v a t i v e  o f  th io lc a m p h o r  m akes i t  p r o b a b l e  t h a t  t h e s e  
s u b s t a n c e s  a r e  o f  th e  ty p e  R ^ C o ^ R H  ( c f .  f o rm u la  X V 11 )
W h ile  i n  o u r  c a s e  t h e  d e t e c t o r  o f  a b n o r m a l i t y  
was t h e  s o l u b i l i t y  and  c o lo u r  o f  t h e  n i c k e l  d e r i v a t i v e s  
i n  b e n z e n e ,  i n  th e  c a s e  o f  monoximes t h e  b lu e  s o l u t i o n  
o f  th e  f e r r o u s  compounds i n  t h a t  s o l v e n t  i s  em ployed f o r  
t h i s  p u r p o s e .
2 5 .
EXPERIMENTAL.
The P r e p a r a t i o n  o f  T h io lc a m p h o r .
As e a c h  s t a g e  i n  th e  p r e p a r a t i o n  r e q u i r e s  c a r e f u l l y  
r e g u l a t e d  c o n d i t i o n s  f o r  e f f i c i e n t  y i e l d s ,  we h a v e  d e s c r i b e d  
i t  a t  l e n g t h .
Camphor s u lp h o n y l  c h l o r i d e .
R e y c h le r * s  c a m p h o rsu lp h o n ic  a c i d  (180  g n .)  was r e f l u x e d  ' 
on a  w a te r  b a t h  w i t h  f r e s l i l y  d i s t i l l e d  t h i o n y l  c h l o r i d e  (95  c c . )  
u n t i l  e v o l u t i o n  o f  fumes c e a s e d .  The r e s u l t i n g  s y ru p  was p o u re d  
on i c e  w i t h  s t i r r i n g ,  and a f t e r  th o ro u g h  w a s h in g  w i t h  c o ld  w a t e r ,  
t h e  p r e c i p i t a t e d  s u lp h o n y l  c h l o r i d e  was f i l t e r e d  a n d  d r i e d  o v e r  
s u l p h u r i c  a c i d  i n  a vacuum d e s i c c a t o r .  Y i e l d ,  190 gm. T h is  w as 
c r y s t a l l i s e d  from a  m ix tu r e  o f  p e t r o le u m  e t h e r  and  a c e t o n e .  The 
s o l v e n t  o r i g i n a l l y  recommended was d ry  e t h y l  a c e t a t e ,  b u t  t h i s  we 
fo u n d  p a r t i a l l y  decom posed th e  s u lp h o n y l  c h l o r i d e .
Camphorsu l p h i n i c  a c i d .
( c f .  H i l d i t c h ,  J . C . S . ,  1 9 2 0 ,  97 , 1 0 9 6 ) .
The s u lp h o n y l  c h l o r i d e  (15 gm. ) was a d d e d  i n  s m a l l  
lum ps a t  a t im e  to  a b o i l i n g ,  s a t u r a t e d  s o l u t i o n  o f  sodium  s u l p h i t e  
( c r y s t a l l i s e d ,  45 gm*). The c o m p le t io n  o f  th e  r e a c t i o n  w h ic h  
fo l lo w e d  e a c h  a d d i t i o n  was i n d i c a t e d  by f r o t h i n g .  A f t e r  t h e  l a s t  
a d d i t i o n ,  t h e  s o l u t i o n  was r e f l u x e d  f o r  one  h o u r ,  a n d  was t h e n  
a c i d i f i e d  c a u t i o u s l y  by a d d i t i o n  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
(50 c c . )  to  t h e  w e l l - c o o l e d  l i q u i d .  The o i l  w h ic h  s e p a r a t e d  was 
e x t r a c t e d  w i t h  e t h e r  and from  t h i s  was o b t a i n e d  t h e  s u l p h i n i c  a c i d  
a s /
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as  a y e l l o w ,  v i s c o u s  o i l .  When l a r g e r  q u a n t i t i e s  w e re  r e q u i r e d ,  
s e v e r a l  p r e p a r a t i o n s ,  u s i n g  th e  q u a n t i t i e s  g iv e n  a b o v e ,  w e re  
c o n d u c te d  i n  s e r i e s .  T h is  p r o c e s s  g a v e  b e t t e r  y i e l d s  t h a n  one 
p r e p a r a t i o n  i n v o l v i n g  l a r g e  am o u n ts .
T h io lc a m p h o r . ,
The r e d u c t i o n  o f  t h i s  s u l p h i n i c  a c i d  to  t h io l c a m p h o r  
was t h o r o u g h l y  i n v e s t i g a t e d .  At f i r s t  t h e  r e d u c t i o n s  w e re  c o n ­
d u c te d  a t  room t e m p e r a t u r e ,  b u t  a  few t r i a l s  a t  60-100® soon 
e f f e c t e d  im pro v em en t i n  t h e  y i e l d .
The r e d u c i n g  a c t i o n  o f  h y d r o c h l o r i c  a c i d  and t h e  m e t a l s ,  
t i n ,  a lu m in iu m ,  m agnesium , z i n c  and n i c k e l ,  was s t u d i e d .  Alum inium  
and  m agnesium  w ere  u s e d  i n  s m a l l  b lo c k  form  to  r e d u c e  t h e  v ig o u r  
o f  th e  r e a c t i o n ,  b u t  w i t h o u t  s u c c e s s  a s  no t r a c e  o f  t h io lc a m p h o r  
was o b t a i n e d .  I n  th e  c a s e  o f  t h e  l a t t e r ,  a s m a l l  q u a n t i t y  o f  a 
w h i te  s o l i d ,  m .p .  125-150®, s t e a m - d i s t i l l e d  b u t  was n o t  i d e n t i f i e d .  
N ic k e l  p ro d u c e d  a c u r i o u s  r e s u l t ,  f o r  l i t t l e  o f  t h e  m e r c a p ta n  was 
o b t a i n e d  b u t  a brow n n i c k e l  compound c o l l e c t e d  i n  th e  r e c e i v e r .
The p r e s e n c e  o f  n i c k e l  i n  t h e  d i s t i l l a t e  v/as v e r i f i e d  by f i r s t  
s t r o n g l y  a c i d i f y i n g  to  decom pose a t  l e a s t  p a r t  o f  t h e  com plex  an d  
th en  by a d d i t i o n  o f  ammonium h y d r o x id e  and  ammonium s u l p h i d e .
Z inc i n  c o l d  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  was fo u n d  by Lowry and 
D o n n in g to n  ( J . C . 8 . ,  1903, 8 3 ,  480) to  be  v e ry  i n e f f i c i e n t  and  a t  
b o i l i n g  p o i n t  we fo u n d  l i t t l e  im p ro v em en t.  T hese  a u t h o r s  s u s p e c t e d  
t h a t  t h e  th io lc a m p h o r  fo im ed  a z in c  d e r i v a t i v e ,  w h ic h  was n o t  
r e a d i l y  decom posed  by a c i d s  and t h e r e f o r e  l i k e l y  to  s e r i o u s l y  a f f e c t  
t h e /
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t h e  y i e l d  o f  m e r c a p ta n .  But o u r  a t t e m p t s  to  p r e p a r e  a z i n c  d e r i ­
v a t i v e  from  th io lc a m p h o r  w ere  s i n g u l a r l y  f r u i t l e s s ,  w h ic h  can  
h a r d l y  be  s a i d  to  s u p p o r t  Lowry and  D onn ing ton*  s v ie w .  I n  t h e  
c o ld  t h e  y i e l d s  w i t h  t i n  w ere  v a r i a b l e  b u t  n e v e r  a b o v e  2 5 ^  o f  
t h e o r e t i c a l .  W ith  h e a t i n g  a p ro n o u n c e d  im p ro v em en t w as p ro d u c e d  
an d  w here  t h e  c o n d i t i o n s  d e s c r i b e d  below  w e re  c l o s e l y  f o l lo w e d  
y i e l d s  up to  45^  w ere  o b t a i n e d .
I t  was o b s e rv e d  t h a t  i n  th o s e  r e d u c t i o n s  w i t h  t i n ,  
w h ic h  m i s c a r r i e d ,  a d d i t i o n  o f  t i t a n o u s  c h l o r i d e ,  f o l l o w e d  by 
s team  d i s t i l l a t i o n ,  i n  p a r t  r e m e d ie d  t h e  f a u l t .  I t  w ou ld  seem 
t h a t  t h e  p o w e r fu l  r e d u c i n g  a g e n t  was e f f e c t i n g  r e d u c t i o n  e i t h e r  
o f  cam phor d i s u l p h i d e  o r  d i s u l p h o x i d e . P r e v i o u s  t o  t h i s ,  v/e 
h ad  t r i e d ,  w i t h  l i t t l e  s u c c e s s ,  t h e  a d d i t i o n  o f  sodium  s u l p h i d e ,  
a f t e r  m ak ing  t h e  l i q u i d  a l k a l i n e .
A s t r o n g  r e d u c i n g  m i x t u r e  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  (500 c c . )  and pow dered  t i n  (20 gm.) w as h e a t e d  a lm o s t  to  
b o i l i n g  i n  a l a r g e  d i s t i l l i n g  f l a s k .  When a v i g o r o u s  e v o l u t i o n  
o f  h y d ro g e n  w as t a k i n g  p l a c e ,  t h e  o i l y  c a m p h o r - s u l p h i n i c  a c i d  
(2o gm.) , m ix e d  w i t h  a l i t t l e  w a t e r  to  r e d u c e  i t s  v i s c o s i t y ,  was 
s lo w ly  ad d e d  from  a  d r o p p in g  f u n n e l .  Fumes o f  h y d r o c h l o r i c  a c i d ,  
acco m p an ied  by a l i t t l e  th io l c a m p h o r ,  a p p e a r e d  i n  t h e  r e c e i v e r .
We l a t e r  d i s c o v e r e d  t h a t  a  c o n s i d e r a b l e  q u a n t i t y  o f  a  v o l a t i l e  
t i n  compound came o v e r  a l s o  and t h e r e f o r e  i n  f u t u r e  we d i s c a r d e d  
th e  f i r s t  p o r t i o n  o f  th e  d i s t i l l a t e .  When t h e  a d d i t i o n  o f  t h e  
s u l p h i n i c /
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s u l p h i n i c  a c i d  was c o m p le te d ,  m ore t i n  an d  h y d r o c h l o r i c  a c i d  w e re  
ad d ed  and  a c u r r e n t  o f  s team  was blow n i n t o  t h e  f l a s k .  I n  a few 
m i n u t e s  t h e  fum es c e a s e d  and  a m ore r a p i d  c o l l e c t i o n  o f  t h i o l -  
cam phor began  i n  th e  c o n d e n s e r .  The b r i t t l e  lum ps o f  t h e  m e r c a p ta n  
w ere  f i l t e r e d  o f f  and c r u s h e d  b e f o r e  d r y in g  o v e r  s u l p h u r i c  a c i d  
i n  v a c u o .  Y i e l d ,  4 0 -4 5 ^  t h e o r e t i c a l .
T h is  p r o d u c t  was c o n ta m in a te d  w i t h  a s l i g h t  am ount o f  
t h e  t i n  compound a l r e a d y  r e f e r r e d  t o .  T h is  w as rem oved by s e v e r a l  
c r y s t a l l i s a t i o n s  from a q u e o u s  a l c o h o l ,  and  t h e  c r y s t a l s ,  w h ic h  
w ere  d e p o s i t e d  when th e  s o l u t i o n  c o o le d ,  w e re  n e e d l e - s h a p e d  and  
m e l t e d  a t  86®. On e v a p o r a t i o n  t h e  m o th e r  l i q u o r  d e p o s i t e d  c u b ic  
c r y s t a l s  o f  t h e  same m e l t i n g  p o i n t ,  w h ich  c o u l d  be  c o n v e r t e d  
i n t o  t h e  fo rm e r  by c r y s t a l l i s a t i o n  from t h e  h o t  s o l v e n t .
S i l v e r  th io lc a m p h o r  a r g e n t i n i t r a t e .
c  10 0  - s  f l i p  N O ^  , H : i O  .
I n  t h e  e a r l i e r  p r e p a r a t i o n s  o f  t h i s  s u b s t a n c e  s i l v e r  
n i t r a t e  was a d d e d  to  th io lc a m p h o r  i n  t h e  p r o p o r t i o n s  o f  m o l e c u l a r  
e q u i v a l e n t s ,  w h ic h  r e s u l t e d  i n  th e  p r o d u c t i o n  o f  a m i x t u r e  o f  
s i l v e r  s u b s t a n c e s ,  c o n ta m in a te d  w i t h  t h e  e x c e s s  o f  th io lc a m p h o r  
a s  i n s u f f i c i e n t  s i l v e r  n i t r a t e  was b e i n g  u s e d  f o r  c o m p le te  
r e a c t i o n .  The p r o d u c t  o f  e a c h  p r e p a r a t i o n  v a r i e d  i n  c o l o u r ,  
s o l u b i l i t y  and  a n a l y s i s .  V/hen t h e  t h io lc a m p h o r  was a d d e d  to  
t h e  s i l v e r  n i t r a t e ,  a m ore hom ogeneous s u b s t a n c e  was o b t a i n e d ,  
and t h i s  seemed to  i n d i c a t e  t h a t  an e x c e s s  o f  t h e  n i t r a t e  v/as 
a n e c e s s a r y  c o n d i t i o n .  Thus t h e  f o l l o w i n g  m eth o d  e v o l v e d .
2 9 .
5 gm. o f  th io lc a m p h o r ,  d i s s o l v e d  i n  50 c c .  a l c o h o l ,  was 
s lo w ly  ad d ed  to  a s o l u t i o n  o f  11 gm. o f  s i l v e r  n i t r a t e  i n  100 c c .  
o f  9 0 ^  a l c o h o l ,  d u r in g  c o n s t a n t  s t i r r i n g .  The r e a c t a n t s  w ere  
m ix e d  i n  t h i s  o r d e r  t o  e n s u re  t h e  p r e s e n c e  o f  an  e x c e s s  o f  th e  
l a t t e r . A t e a c h  a d d i t i o n  a f l o c c u l e n t  y e l lo w  p r e c i p i t a t e  m oment­
a r i l y  fo rm ed  and  d i s s o l v e d  a g a i n ,  and  when t h e  s o l u t i o n ,  w h ic h  
h a d  h e a t e d  d u r i n g  th e  a d m ix tu r e ,  v/as l e f t  t o  c o o l  i n  su b d u ed  
l i g h t ,  m in u te  w h i t e  c r y s t a l s  o f  s i l v e r  t h io lc a m p h o r  a r g e n t i n i t r a t e  
w e re  d e p o s i t e d .  The y i e l d  was 14 gm ., a l m o s t  t h e o r e t i c a l .  I t  
seem s p r o b a b l e  t h a t  th e  y e l lo w  p r e c i p i t a t e ,  w h ic h  i s  e v i d e n t l y  
t h e  f i r s t  p r o d u c t  o f  t h e  r e a c t i o n ,  i s  th e  y e l lo w  s i l v e r  d e r i v a t i v e  
d e s c r i b e d  b e lo w .
The w h i t e  compound i s  s o l u b l e  i n  c h lo r o f o r m ,  e t h y l e n e  
d ib ro m id e  a n d  b o i l i n g  a l c o h o l ,  b u t  i n s o l u b l e  i n  b e n z e n e  a n d  o t h e r  
s o l v e n t s .  The s o l u t i o n  i n  th e  f i r s t  two s o l v e n t s  i s  n o t  p e r m a n e n t ,  
a s  d e c o m p o s i t io n  and  p r e c i p i t a t i o n  o c c u r s  i n  a  few d a y s .  The 
s u b s t a n c e  c h a r s  a t  200-210® , and  g i v e s  t h e  brow n r i n g  t e s t  f o r  
n i t r a t e .  I t  i s  s o l u b l e  i n  b e n z e n e ,  c o n t a i n i n g  th io l c a m p h o r ,  
f o rm in g  an  o r a n g e - r e d  s o l u t i o n .  W ith  a l a r g e  e x c e s s  o f  t h i o l ­
camphor th e  s o l u t i o n  i s  b r i g h t  r e d .
A n a l y s i s .
(1) .1855  gm. s u b s ta n c e  gave .1112  gm. A g C l.
(2) .2256  " " " .1551  " "
3 0 .
.1424  gm. s u b s t a n c e  r e q u i r e d  2 5 .3  c c .  .0128  N.NH4 GHS. 
.1 6 1 6  @n. s u b s t a n c e  g av e  .0836  gm. BaSO^.
.1672 gm. s u b s t a n c e gave  4 .7  c c . ^ a t  15® and  759 mm.
.1442 gm. s u b s t a n c e g a v e  .1333 gm. COg; .0460  gm. % 0 .
P ound . C a lc .
Ag 4 5 . 1 ,  4 4 .8 4 5 .1
Ag ( i o n i s e d ) 2 2 . 6 2 2 . 6
S 7 .1 6 .7
N 3 . 2 2 . 9
C ‘ 2 5 .2 2 5 . 1
H 5 .7 5 . 6
O p t i c a l  R o t a t i o n .
.2075 gm. s u b s t a n c e  i n  20 c c . c h l o r o f o i m .
(7̂ = +.22® i n  1 dm. l a y e r .
U T  = - 2 1 0 .
D l - s i l v e r  t h io lc a m p h o r  a r g e n t i n i t r a t e .
(C , o  A | / V 0 3 , H ^ O .
Our e x p e r i e n c e  i n  t h e  l a s t  p r e p a r a t i o n  l e d  u s  t o  t h e t  
c o n c l u s io n  t h a t  t h i s  s i l v e r  d e r i v a t i v e  c o u ld  n o t  be  o b t a i n e d  
f r e e  f rom  c o n ta m in a t io n  w i t h  th e  w h i t e  d e r i v a t i v e  by t h e  m ethod  
employed i n  p r e v i o u s  c a s e ,  how ever much t h e  r e l a t i v e  p r o p o r t i o n s  
o f  t h e  r e a c t a n t s  w ere  a l t e r e d .  The s o l u b i l i t y  o f  th e  w h i t e  s i l v e r  
s u b s t a n c e /
5 1 .
s u b s t a n c e  i n  b e n z e n e  c o n t a i n i n g  th io lc a m p h o r  s u g g e s t e d  t o  u s  
th e  f o l l o w i n g  m e th o d .
2 gm. o f  s i l v e r  t h io lc a m p h o r  a r g e n t i n i t r a t e  w e re  warmed 
w i t h  a  s o l u t i o n  o f  2 gm. o f  th io lc a m p h o r  i n  12 c c .  d r y  b e n z e n e .  
Only a few m in u te s  h e a t i n g  Wfiuss r e q u i r e d  an d  t h e  r e s u l t i n g  b r i g h t  
r e d  s o l u t i o n  was s e p a r a t e d  from t h e  g l o b u l e  o f  w a t e r  w h ic h  w as 
fo rm ed  d u r in g  t h e  r e a c t i o n .  The l i q u i d  Viras r e d u c e d  to  s m a l l  b u lk  
i n  a  vacuum and  was d ro p p e d ,  v / i t h  r a p i d  s t i r r i n g ,  i n t o  50 c c .  o f  
p e t r o le u m  e t h e r  (B .P .  8 0 - 1 0 0 ° ) .  A y e l lo w  s o l i d ,  t h e  d i - s i l v e r  
th io lc a m p h o r  a r g e n t i n i t r a t e ,  was p r e c i p i t a t e d  i n  8 0 /o y i e l d .
To d e t e r m in e  t h e  l i m i t i n g  q u a n t i t y  o f  t h i o l c a m p h o r ,  
th e  p r e p a r a t i o n  was r e p e a t e d  w i t h  0 . 8  gm. o f  t h e  m e r c a p ta n  i n s t e a d  
o f  2 gm. An i d e n t i c a l  compound was o b t a i n e d ,  a s  v e r i f i e d  by 
a n a l y s i s .  I t  i s  t h u s  e v i d e n t  t h a t  s l i g h t l y  o v e r  one m o l e c u l a r  
p r o p o r t i o n  o f  th io lc a m p h o r  i s  a l l  t h a t  i s  n e c e s s a r y  to  p ro d u c e  
c o m p le te  s o l u t i o n  i n  b e n z e n e  o f  t h r e e  m o l e c u l a r  p r o p o r t i o n s  o f  
th e  w h i t e  d e r i v a t i v e  to  form  th e  y e l lo w  compound.
The l a t t e r  s u b s t a n c e  decom poses  ab o v e  2 30°  and i s  
e x t r e m e ly  r e a d i l y  s o lu b l e  i n  b e n z e n e ,  l e s s  s o l u b l e  i n  a l c o h o l  
and c h lo r o fo r m  and  q u i t e  i n s o l u b l e  i n  w a t e r .  I t  r a p i d l y  r e a c t s  
w i th  s u lp h o n y l  c h i  or i d e s  i n  b e n z e n e  a s  medium t o  p r e c i p i t a t e  
s i l v e r  c h l o r i d e .  T h is  im m e d ia te  a c t i v i t y  i n  a n o n - p o l a r  s o l v e n t  
i s  an i n t e r e s t i n g  f e a t u r e  o f  th e  compound. The s u b s t a n c e  a l s o  
d i s s o l v e d  i n  c a rb o n  d i  s u lp h id e  to  form  a b r i g h t  r e d  s o l u t i o n ,
w h ic h /
5 2 .
w h ic h ,  h o w e v e r ,  decom posed a f t e r  a  few d a y s ,  p r o d u c i n g  a c o l o u r ­
l e s s  s o l u t i o n  and  a  b l a c k  p r e c i p i t a t e .
0 .2  gm. o f  th e  y e l lo w  d e r i v a t i v e ,  d i s s o l v e d  i n  10 c c . 
b e n z e n e ,  was p l a c e d  i n  a  p a rc h m e n t  d i a l y s i n g  t h i m b l e .  T h is  was 
s u r ro u n d e d  by 10 c c .  o f  p u re  b e n z e n e .  The e x t e r n a l  l i q u i d  
r a p i d l y  assum ed a y e l lo w  c o l o u r ,  w h ic h  i n  l e s s  t h a n  an h o u r  was 
e q u a l  i n  i n t e n s i t y  to  t h a t  w i t h i n  th e  t h i m b l e .
An even  m ore r a p i d  d i a l y s i s  v/as o b s e rv e d  i n  an  e x p e r im e n t  
i n  w h ich  e t h y l e n e  d i  b rom ide  was u s e d .
A n a l y s i s .
(1) .1484  g n .  s u b s ta n c e  g av e  .1715  gm. COg; .0492  gm. HoO.
(2) .2207  ” " ” .2 574  " ” .0819  ^  "
.1420 gn . s u b s t a n c e  gave  .0848 g n . Ba SO^.
.1920 gm. s u b s t a n c e  g av e  2 . 3  c c . Ng a t  16® and  756 mm.
(1) .2205 gm. s u b s ta n c e  g a v e  .1221  g n .  A g C l.
(2) ,1560 " " " .0 8 7 5  ” *
.1960 g n . s u b s t a n c e  r e q u i r e d  1 9 .1  c c . .0 1 2 8  N. NH^CNS.
(c,oH,gO H%0 F ou n ^ . % C a l c u l a t e d , i
C 3 1 . 8 ,  3 1 .5  3 1 .2
H 4 . 1 ,  3 . 9  4 .2
S 8 .2  8 .3
N 1.6 1.8
Ag 4 1 . 8 ,  4 2 .2  4 2 .1
Ag ( i o n i s e d )  1 5 .5  1 4 .0
5 5 .
O p t i c a l  R o t a t i o n .
.1125 gm. s u b s t a n c e  i n  25 c c .  c h lo r o fo r m  oL =*•-R'/s'*
W l5®
= + 6 4 ° .
T h io lc a m p h o r  cadmi b ro m id e .  C^Q'H^^O'5 Cd B-r,
The i n t e r a c t i o n  o f  t h io lc a m p h o r  and  cadmium b ro m id e  
was ex am in ed  to  com pare th e  p r o d u c t  w i t h  Lowry and  D onning ton*  
m e r c u r i c h l o r i d e .
The f i r s t  p r e p a r a t i o n  was c o n d u c te d  by m ix in g  a l c o h o l i c  
s o l u t i o n s  o f  cadmium brom ide  ( 0 .4  gm.) a n d  th io lc a m p h o r  ( 0 . 4  gm.) 
and th e n  by a d d in g  a s o l u t i o n  o f  sodium  c a r b o n a t e  i n  w a te r  ( 0 ,5 5  gm.) , 
A w h i t e  c r y s t a l l i n e  p r o d u c t  r a p i d l y  fo rm e d .  The a d d i t i o n  o f  sodium 
c a r b o n a t e  p ro v e d  u n n e c e s s a r y  and  i n  l a t e r  p r e p a r a t i o n s  t h i s  was 
o m i t t e d .  The cadm ihrom ide  s e p a r a t e d  i n  f i n e ,  w h i t e  c r y s t a l s ,  
i n s o l u b l e  i n  a l l  t h e  u s u a l  s o l v e n t s .  B o i l i n g  w i t h  b e n z e n e  c o n t a i n ­
i n g  th io lc a m p h o r  h a d  no e f f e c t  on th e  s u b s t a n c e ,  w h ic h  a p p e a r s  t o  
be v e r y  s t a b l e ,  n o n - r e a c t i v e  and  a n a lo g o u s  to  t h e  t h io lc a m p h o r  
m e r c u r i c h l o r i d e .
A n a ly s i  s .
(1) .1 6 1 4  gm. s u b s t a n c e  gave .0886  gm. Cd 8 0 . .
(2) .2 0 1 5  " " " .1095 " ” ^
.1050 g n . s u b s t a n c e  gave .0 5 3 8  gn . A gBr.
C,a H .^ O - s c  j-S-p. Found, C a l c .
Cd 2 9 . 3 , 2 9 . 6 .  3 0 . 0 ^
Br 2 1 .8  2 1 . 4 ^ .
5 4 .
A c t io n  o f  Z in c  Bromide on T h io lc a m p h o r .
I n  v iew  o f  Lowry and  D onning ton*  s s u s p i c i o n  t h a t  t h i o l ­
camphor form ed a z i n c  d e r i v a t i v e ,  w h ic h  was n o t  r e a d i l y  decom posed 
by a c i d s ,  we f U l ly  e x p e c te d  to  o b t a i n  t h e  d e r i v a t i v e  w i t h o u t  any  
d i  f f i  c u l  t y .
. Our a t t e m p t s ,  h o w ev er ,  w ere  q u i t e  u n s u c c e s s f u l .  These  
w ere  c o n d u c te d  i n  a l c o h o l  an d  e t h e r  and  even t h e  a d d i t i o n  o f  sodium 
a c e t a t e  o r  sodium c a r b o n a t e  t o  t h e  f o im e r  s o l v e n t  was i n e f f e c t i v e .  
I n  e a c h  c a s e  u n ch an g ed  th io lc a m p h o r  was r e c o v e r e d .  Thus i n  i t s  
r e a c t i o n  to w a rd s  th io lc a m p h o r  z i n c  d i f f e r s  r a d i c a l l y  from cadmium 
and  m e r c u r y .
T h io lc a m p h o r  s t a n n o c h l o r i d e .
D u r in g  t h e  p r e p a r a t i o n  o f  t h io lc a m p h o r  a v o l a t i l e  t i n  
compound was o b s e rv e d  i n  t h e  s tea m  d i s t i l l a t e .  T h i s  l e d  u s  to  
exam ine t h e  a c t i o n  o f  s ta n n o u s  c h l o r i d e  on t h io l c a m p h o r .
A f r e s h l y  p r e p a r e d ,  f i l t e r e d  s o l u t i o n  o f  0 . 4  gm. o f  
s ta n n o u s  c h l o r i d e  i n  e t h e r  was ad d ed  to  0 .5  gm. t h io lc a m p h o r  
i n  th e  same s o l v e n t .  A f t e r  an  h o u r  a  few c l u s t e r s  o f  w h i t e ,  
l u s t r o u s  f l a k e s  beg an  to  a p p e a r .  C r y s t a l l i s a t i o n  was p ro m o ted  
by s h a k in g  and  a f t e r  some t im e  t h e  c r y s t a l s  w ere  f i l t e r e d .
Washed w i t h  e t h e r  and  d r i e d .
The s u b s t a n c e  was r e a d i l y  s o l u b l e  i n  b e n z e n e  and o t h e r  
o r g a n ic  s o l v e n t s  and m e l t e d  to  a c l e a r  l i q u i d  a t  1 8 7 ° .  I t  was 
found to  be  o p t i c a l l y  i n a c t i v e .  V7hen s u c c e s s i v e  q u a n t i t i e s  o f  
t h e /
3 5 .
t h e  s u b s t a n c e  w ere  h e a t e d  i n  a  c r u c i b l e ,  f o l l o w e d  by a d d i t i o n  
o f  a few d r o p s  o f  n i t r i c  a c i d ,  v e r y  v a r i a b l e  am ounts  o f  s t a n n i c
o x id e  w ere  l e f t .  T h is  p o i n t e d  to  t h e  v o l a t i l i t y  o f  t h e  compound,
b u t  an  a t t e m p t  to  d i s t i l  i t  i n  a vacuum w as u n s u c c e s s f u l  a s  
c h a r r i n g  to o k  p l a c e  s h o r t l y  a f t e r  th e  m e l t i n g  p o i n t  w as r e a c h e d .  
A d d i t i o n  o f  s i l v e r  n i t r a t e  to  an  a l c o h o l i c  s o l u t i o n  o f  th e  t i n  
compound i n d i c a t e d  p a r t i a l  i o n i s a t i o n  o f  t h e  c h l o r i n e  i n  t h a t  
s o l v e n t .
A n a l y s i s .
(1) .1357  gm. s u b s t a n c e  gave  .0 600 gm. HgO
(2) .0893 ” " " .0418 “ “
.2226  g n . s u b s ta n c e  gave .0 7 2 9  gm. S n 0%
.1272 gm. s u b s t a n c e  gave .0 9 5 4  gm. BaSO^.
.0798 gm. s u b s t a n c e  .0513 gm. AgCl.
(<=.o«rsO s )  F o u n d . % C a l c . %
C -
H 5 . 2 ,  4 .9  4 .9
gn 2 5 . 8  2 5 .7
3 1 0 .3  1 0 .4
Cl 1 5 .8  1 5 .4
C o n s id e r a b le  d i f f i c u l t y  was e x p e r i e n c e d  i n  th e  a n a l y s i s  
o f  t h i s  compound. The c h l o r i n e  was e s t i m a t e d  by  R o b e r tso n *  s 
m o d i f i c a t i o n  ( J . C . S . ,  1915 , 1 0 7 , 902) o f  t h e  B au b ig n y  and  Chavanne 
m ethod /
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m e th o d ,  a s  m e t a s t a n n i c  a c i d  i n t e r f e r e d  w i t h  t h e  u s u a l  C a r iu s*  
m e th o d .  I n  e s t i m a t i o n  o f  s u lp h u r  by th e  C a r iu s *  m e th o d  th e  
m e t a s t a n n i c  a c i d  was rem oved b e f o r e  p r e c i p i t a t i n g  v / i t h  b a n tu m  
c h l o r i d e .  Our e x p e r i e n c e  i n  co m b u s t io n  f o r  c a rb o n  a n d  h y d ro g e n  
was s i m i l a r  to  Pope*s ( J . C . S . ,  192 6, 1 2 9 , 4 8 7 ,  f o o tn o t e )  and  we 
w ere  a b l e  to  r e p o r t  h y d ro g e n  p e r c e n t a g e  o n l y .
A c t io n  o f  C u p r ic  C h lo r id e  on T h io lc a m p h o r .
.2 gm. o f  th io lc a m p h o r  i n  a l c o h o l  was a d d e d  to  .2 gm. 
o f  c u p r i c  c h l o r i d e  i n  aq u eo u s  s p i r i t .  The b l u e  p r e c i p i t a t e  w h ic h  
a p p e a r e d  d i s s o l v e d  im m e d ia te ly  on s h a k in g ,  l e a v i n g  a g r e e n  
s o l u t i o n .  As no c r y s t a l s  o r  d e p o s i t  a p p e a r e d ,  a  s m a l l  q u a n t i t y  
o f  sodium  a c e t a t e  w as  add ed  to  f a c i l i t a t e  r e a c t i o n .  F i n a l l y ,  t h e  
s o l u t i o n  was r e d u c e d  i n  b u lk  by  e v a p o r a t i o n  and a few w h i t e  c r y s t a l s  
made t h e i r  a p p e a r a n c e .  A f t e r  c r y s t a l l i s a t i o n  from  e t h e r ,  t h i s  
s u b s t a n c e  m e l t e d  a t  223° and a m ixed m e l t i n g  p o i n t  d e t e r m i n a t i o n  
w i th  d ic a m p h o ry l  d i s u l p h i d e  gave  no d e p r e s s i o n .
A lso  when a s m a l l  q u a n t i t y  o f  b e n z e n e  c o n t a i n i n g  t h i o l ­
camphor was r e f l u x e d  w i t h  a few c r y s t a l s  o f  c u p r i c  c h l o r i d e ,  t h e  
g r e e n i s h  c o l o u r  o f  t h e  c r y s t a l s  r a p i d l y  d i s a p p e a r e d  and a w h i t e  
s o l i d  r e s e m b l i n g  c u p ro u s  c h l o r i d e  r e m a in e d .  On e v a p o r a t i o n  o f  
th e  b e n z e n e  s o l u t i o n  and e x t r a c t i o n  o f  th e  r e s i d u e  w i t h  p e t r o le u m  
e t h e r  ( B .P .  4 0 - 6 0 ) ,  a c r y s t a l l i n e  p r o d u c t ,  m .p .  2 2 2 ° ,  was o b t a i n e d  
w hich  w as c o n f i rm e d  to  be t h e  d i  s u lp h id e  a s  b e f o r e .  C u p r ic  
c h l o r id e  i s  a n a lo g o u s  to  f e r r i c  c h l o r i d e  i n  i t s  b e h a v i o u r  to w a rd s  
t h io l c a m p h o r /
3 7 .
, t h io l c a m p h o r  (Lov/ry and  D onn ing ton) and  c l e a r l y  shows t h e  g r e a t  
s u s c e p t i b i l i t y  o f  t h i s  m e rc a p ta n  to  o x i d a t i o n .
A c t io n  o f  C o b a l t  C h lo r id e  on T h io lc a m p h o r .
0 . 4  gm. o f  c r y s t a l l i n e  c o b a l t  c h l o r i d e  i n  a l c o h o l i c  
s o l u t i o n  v/as m ixed w i t h  0 .4  gm. o f  t h io l c a m p h o r  i n  t h e  same 
s o l v e n t  and  0 .1  gm. o f  sodium a c e t a t e  was a d d e d .  The deep  brown 
l i q u i d ,  w h ic h  v/as o b t a i n e d ,  was e v a p o r a t e d  to  d r y n e s s  i n  a  vacuum 
d e s i c c a t o r .  The b l u i s h - g r e e n  r e s i d u e  was e x t r a c t e d  w i t h  b e n z e n e ,  
w h ich  assum ed a b r i g h t  b lu e  c o lo u r  t h a t  r a p i d l y  f a d e d .  The 
f o im a t i o n  o f  an  u n s t a b l e  th io lc a m p h o r  d e r i v a t i v e  seem ed to  be 
i n d i c a t e d .
M o d i f i c a t i o n s  o f  th e  p r o c e s s  o f  p r e p a r a t i o n  w e re  e q u a l l y  
u n s u c c e s s f u l  i n  i s o l a t i n g  a s t a b l e  c o b a l t  d e r i v a t i v e .
N ic k e l  T l i io lc a m p h o r .
When 0 . 4  gm. o f  th io lc a m p h o r  was m ix ed  w i t h  0 . 8  gm. o f  
c r y s t a l l i n e  n i c k e l  c h l o r i d e  i n  s l i g h t l y  a q u e o u s  a l c o h o l ,  a d i r t y  
g r e e n i s h - b r o w n  s o l u t i o n  r e s u l t e d ,  b u t  a d d i t i o n  o f  0 . 4  gm. o f  
sodium a c e t a t e  p ro d u c e d  im m ed ia te  a c t i o n  and  t h e  s o l u t i o n  assum ed  
a re d -b ro v /n  c o l o u r .  T h is  v/as e v a p o r a te d  i n  a h e a t e d  vacuum d e s i c c a t o r  
and t h e  r e s i d u e  was e x t r a c t e d  w i t h  b e n z e n e  w i t h  a  viev/ t o  s e p a r a t i n g  
th e  s o l u b l e  n i c k e l  compound from th e  i n o r g a n i c  s a l t s .  E v a p o r a t i o n  
o f  t h e  m a h o g a n y -c o lo u re d  e x t r a c t  v/as e f f e c t e d  a s  b e f o r e  a n d  a 
s i m i l a r l y  c o lo u r e d  s o l i d  w as o b t a i n e d .  I n  some c a s e s  t h e  r e s i d u e  
Was o i l y  b u t  s o l u t i o n  i n  t h e  l e a s t  p o s s i b l e  a l c o h o l  a n d  s u b s e q u e n t  
p o u r in g /
3 8 .
p o u r in g  i n t o  w a te r  y i e l d e d  th e  s o l i d .  T h is  s u b s t a n c e  was 
v e r y  s o l u b l e  i n  a l l  t h e  u s u a l  o r g a n i c  s o l v e n t s  a n d  i n  d e f a u l t  
o f  c r y s t a l l i s a t i o n  t h e  compound was p u r i f i e d  by p r e c i p i t a t i o n .
I t  m e l t e d  b e tw een  100-150®, v /h ich  may h a v e  b e e n  due to  g r a d u a l  
s e p a r a t i o n ,  o f  t h e  a d d i t i o n a l  m o le c u le  o f  th io lc a m p h o r  ( c f .  
f  o rraul a) .
A n a ly s i  s .
(1) .1112 gm. s u b s t a n c e  gave  .0 514 gm. N i d i m e th y lg lv o x im e .
(2) .0908 ” ” ” .0431 " "
.0908 ’* " " .1 0 2 5  gm. BaSO ..
Found: N i ,  9 . 4 ,  9 . 6 ;  S, 1 5 .5 ^
(c;oH,^Os)^NtXc,oH,50-5H)requires N i ,  9 . 7 ;  8, 1 5 .8 #
S i l v e r  a n d  N ic k e l  T h i o b o r n e o l .
F a i l i n g  to  o b t a i n  t h i o l b o r n e o l  by t h e  a c t i o n  o f  
p o t a s s iu m  x a n t h a t e  on p ln e n e  h y d ro b ro m id e ,  f o l lo w e d  by  t r e a t m e n t  
w i t h  ammonia, we had  to  r e s o r t  to  th e  t r o u b le s o m e  m eth o d  d e s c r i b e d  
by Houben ( B e r . ,  1906 , 3 9 , 3503) . S i l v e r  n i t r a t e  y i e l d e d  a 
n o r m a l  m e r c a p t i d e ,  n e g a t i v e  to  t h e  brovm r i n g  t e s t ,  and  n i c k e l  
a c e t a t e  p r e c i p i t a t e d  a d i r t y  c o lo u r e d  s o l i d  q u i t e  i n s o l u b l e  
i n  b e n z e n e .
M e th y l  t h i o l p r o p i o n a t e .
/ S - t h i o l p r o p i o n i c  a c i d  was p r e p a r e d  from /3 -b ro m o - 
p r o p i o n i c  a c i d  by x a n t h a t e  m e th o d .  (See  O r g a n ic  S ^ m th e se s .
V o l . I l l ,  2 5 ,  57; B i i lm a n n ,  Annal e n ,  5 4 8 , 1 2 5 ) .
3 9 .
^ - t h i o l p r o p i o n i c  a c i d  (8 c c . )  , a n h y d ro u s  m e th y l  
a l c o h o l  (40 c c . )  an d  co n c .  s u l p h u r i c  a c i d  (8  c c . )  w ere  r e f l u x e d  
f o r  4 h o u r s .  E x c e ss  a l c o h o l  was d i s t i l l e d  o f f ,  a n d  t h e  r e m a in d e r  
was p o u re d  i n t o  w a te r  an d  e x t r a c t e d  v / i t h  e t h e r .  From t h i s  was 
o b t a i n e d  an o i l  w h ich  was d i s t i l l e d  i n  v a c u o .  A c o l o u r l e s s ,  
m o b i le  l i q u i d  c o l l e c t e d ,  B .P .  54-55® a t  14 mm. 1 .4 6 2 8 .
The o i l  p o s s e s s e d  a p u n g e n t ,  o f f e n s i v e  s m e l l ,  m ix e d  w i t h  an 
e t h e r e a l  o d o u r .
.1405 gm. s u b s ta n c e  gave .2 690 gm. BaSO^.
Found; S, 2 6 .3 #  Mg 0^ S r e q u i r e s  2 6 .6 # .
M e th y l  s i l v e r  / S - t h i o l p r o p i o n a t e .
The e s t e r  ( 0 . 6  gm.) was ad d ed  t o  s i l v e r  n i t r a t e  
( 1 . 8  gm.) i n  aqu eo u s  a l c o h o l  i n  t h e  v/ay d e s c r i b e d  u n d e r  s i l v e r  
th io l c a m p h o r  a r g e n t i n i t r a t e .  The s u b s t a n c e  was w h i t e ,  c r y s t a l l i n e  
an d  c o n ta in e d  t h e  n i t r a t e  r a d i c l e ,  and  was c l o s e l y  s i m i l a r  to  
t h e  th io lc a m p h o r  d e r i v a t i v e ,  B o i l i n g  w i t h  b e n z e n e  c o n t a i n i n g  
th e  p a r e n t  e s t e r  p ro d u c e d  a r e d  c o l o u r a t i o n  b u t  o n ly  v e r y  
s l i g h t  s o l u t i o n  o f  th e  s i l v e r  compound.
A n a l y s i s .
.1242  gm. s u b s ta n c e  gave  .0724  gm. BaSO^.
.1363 " " " .0 9 4 7  " A gC l.
.1404  " " " .0 9 6 6  " "
Found. C a lc .
s  8 .0  7 .7 #
Ag 5 2 .3  , 5 1 .8  5 2 .0
4 0 .
M e th y l  n i c k e l /3  - t h i o l p r o p i o n a t e .
T h is  s u b s ta n c e  was p r e p a r e d  from  t h e  e s t e r  a n d  n i c k e l  
c h l o r i d e  and  sodium  a c e t a t e  a s  d e s c r i b e d  u n d e r  n i c k e l  th io l c a m p h o r  
The m a h o g a n y -c o lo u re d  compound o b t a i n e d  r e s e m b le d  th e  l a t t e r  i n  
s o l u b i l i t y  and  i n  i t s  b e h a v io u r  to w a r d s  h e a t .  W ith  d i f f i c u l t y ,  
i t  was o b t a i n e d  i n  brown rh o m b ic  p l a t e s  by c r y s t a l l i s a t i o n  from 
e t h e r ,
A n a l y s i s *
.1008 g n .  s u b s ta n c e  gave .0 977  gm. N i d im e th y lg lv o x im e .
.1050 " " " .1 6 2 8  " BaSO^.
( . q  ^ 7  ^2 ^ ) g  • F o u n d . C a l c .
HI 1 9 .7  1 9 .9 #
S 2 1 .3  2 1 .5 #
E t h y l  t h i o l a c e t a t e
The e s t e r  was p r e p a r e d  by t h e  a c t i o n  o f  p o ta s s iu m  
x a n t h a t e  on p o ta s s iu m  c h l o r a c e t a t e  f o l l o w e d  by t r e a t m e n t  w i t h  
ammonia. (B i i lm a n n ,  A n n a len ,  1905 , 5 5 9 , 351) .
E th y l  n i c k e l  t h i o l a c e t a t e .
A m a h o g a n y -c o lo u re d  s o l u t i o n  o f  t h e  d e r i v a t i v e  i n  
b e n z e n e  was o b t a i n e d  i n  th e  way d e s c r i b e d  i n  p r e v i o u s  c a s e s ,  
b u t  i n  p l a c e  o f  c o m p le te  e v a p o r a t i o n ,  c o n c e n t r a t i o n  to  s m a l l  
b u lk  was s u b s t i t u t e d .  To t h i s  was added  p e t r o le u m  e t h e r  
(B .P .  80-100®) and t h e  l i q u i d  was l a i d  a s i d e .  V i o l e t ,  l u s t r o u s  
n e e d l e s  w e re  d e p o s i t e d  i n  good y i e l d  o v e r n i g h t .  The e s t i m a t i o n  
o f  t h e  s u lp h u r  c o n t e n t  gave  anom alous  r e s u l t s ,  a n d  a s  th e  
c ry s  t a l s /
4 1 .
c r y s t a l s  s m e l t  f a i n t l y  o f  t h e  p a r e n t  e s t e r ,  we h e a t e d  t h e  
s u b s t a n c e  f o r  10 m in u te s  a t  70®C. a t  0 . 1  mm. p r e s s u r e .  The 
s m e l l  was rem oved and th e  compound now m e l t e d  s h a r p l y  a t  101° 
w i t h o u t  d e c o m p o s i t io n  to  a -e-l e a r  b row n l i q u i d .  The s u b s t a n c e  
was somewhat l e s s  s o lu b l e  th a n  th e  c o r r e s p o n d i n g  th io lc a m p h o r  
d e r i v a t i v e  a n d  seemed m ore s t a b l e .
A n a l y s i s .
.1213 gm. s u b s t a n c e  gave .1 1 9 4  gm. Ni d im e th y lg lv o x im e  
.1224  f  " " .1 8 7 2  " BaSO^.
(C^  Hy QgS)^ Nc. F ound . C a lc  .
Ni 2 0 .0  1 9 .9 #
S 2 1 .0  2 1 .5 #
E t h y l  s i l v e r  t h i o l a c e t a t e  a r g e n t i n i t r a t e  . Ny 0^ 5 ^
T h is  s u b s ta n c e  was p r e p a r e d  a s  d e s c r i b e d  u n d e r  
c o r r e s p o n d i n g  s i l v e r  d e r i v a t i v e s .  I t  was a  w h i t e  c r y s t a l l i n e  
compound and  p o s s e s s e d  p r o p e r t i e s  c l o s e l y  s i m i l a r  to  m e th y l  
s i l v e r  t h i o l p r o p i o n a t e  a r g e n t i n i t r a t e .  The p r e s e n c e  o f  th e  
n i t r a t e  g ro u p  was c o n f i rm e d  ( c f .  R o u i l l e r ,  J .A m e r .  O . S . ,  1 9 19 , 
4 1 , 7 7 7 . .  T h is  h as  e v i d e n t l y  e s c a p e d  h i s  n o t i c e  a n d  h i s  a n a l y s e s  
a r e  v e ry  u n s a t i s f a c t o r y )  .
.1971 gm. s u b s ta n c e  gave  .1402 gm. AgCl.
Found: Ag, 5 2 .3 # .  C a lc .  5 2 .0 # .
4 2 .
N i c k e l  t h i o l p r o p i o n a t e  -  (VÔ
T h i s  s u b s t a n c e  was p r e p a r e d  from t h i o l p r o p i o n i c  
a c i d  and  n i c k e l  a c e t a t e  i n  aq u e o u s  a l c o h o l .  The m ahogany-  
c o l o u r e d  p r e c i p i t a t e  was i n s o l u b l e  i n  b e n z e n e  and  m o s t  o t h e r  
o r g a n i c  s o l v e n t s ,  b u t  was s o l u b l e  i n  a l k a l i e s  w i t h o u t  p r e c i p i ­
t a t i o n  o f  n i c k e l  h y d r o x i d e  and  was r e p r e c i p i t a t e d  f rom s o l u t i o n  
by a d d i t i o n  o f  a c i d .  The s u b s t a n c e  t h e r e f o r e  a p p e a r s  t o  be  a 
n i c k e l  complex o f  a c i d i c  p r o p e r t i e s .
.0980 gn .  s u b s t a n c e  g av e  .1076  gn .  Ni  d i m e t h y l g l y o x i m e .
Found;  N i ,  2 2 . 3 .  C a l c ;  2 1 . 9 # .
U nder  t h e  same c o n d i t i o n s  n i c k e l  a c e t a t e  an d  
t h i o l a c e t i c  a c i d  gave  a  d i r t y  g r e e n  s o l i d  o f  unknown c o n ­
s t i t u t i o n .
A n a l y s i s .
.1521 gm. s u b s t a n c e  gave  .2 1 2 8  gn .  Ni d i m e t h y l g l y o x i m e
.1038 " ” ” .1 4 8 6  " " "
.1221  ” " " .0998  *' BaS04.
Pound:  N i ,  2 8 . 4 ,  2 9 . 1 ;  S, 1 1 . 2 # .
4 5 .
B. The A b s o r p t i o n  S p e c t r a  o f  T h i o l c a m p h o r ,  E t h y l  t h i o l a c e t a t e  
and  t h e i r  N i c k e l  D é r i v a t i v e s .
Morgan and Moss ( J . G . 8 . ,  1 9 1 3 ,  1 0 5 , 8 1 ;  1 9 1 4 ,  1 0 5 ,189)
h a v e  found  t h a t  c l o s e  s i m i l a r i t y  e x i s t s  b e tw e e n  t h e  a b s o r p t i o n
s p e c t r a  o f  t h e  / 3 - d i k e t o n e s  a n d  t h e i r  m e t a l l i c  d e r i v a t i v e s .  We
th i o l
h a v e  exam ined  t h e  a b s o r p t i o n  s p e c t r a  o f  t h i o l c a m p h o r ,  e t h y ] j a c e t a t e  
an d  t h e i r  n i c k e l  d e r i v a t i v e s ,  b u t  do n o t  o b s e r v e  s u c h  s i m i l a r i t y .
P u re  a l c o h o l  was u s e d  a s  s o l v e n t  and  t h e  i r o n  a r c  was  
t h e  s o u r c e  o f  r a d i a t i o n .  The t h i o l c a m p h o r  was r e p e a t e d l y  
c r y s t a l l i s e d  from a q u eo u s  a l c o h o l  and t h e  t h i o l - e s t e r  was d i s ­
t i l l e d  t w i c e  i n  a  vacuum. As i t  was d i f f i c u l t  t o  o b t a i n  t h e  
n i c k e l  d e r i v a t i v e s  s p e c t r o g r a p h i c a l l y  p u r e ,  t h e  f o l l o w i n g  
p r o c e d u r e  was a d o p t e d ;  P u re  n i c k e l  a c e t a t e  was p r e p a r e d  f rom 
p u r e  n i c k e l  c h l o r i d e ,  c e r t i f i e d  f r e e  f rom i r o n  a n d  c o b a l t .
To N/lOO s o l u t i o n s  o f  t h e  t h i o l - c o m p o u n d s  weSo a d d e d  s u f f i c i e n t  
n i c k e l  a c e t a t e  t o  p r o d u c e  t h e  c o m b i n a t i o n s ,  ( 1 ) t h i o l c a m p h o r  +
^  NC Ag . 4 ^2  ( 2 ) e t h y l  t h i o l a c e t a t e  ‘ + ^  N c A g .  /  H^O
w h ic h  w e re  v e ry  s i m i l a r  i n  c o l o u r .
The t h i o l c a m p h o r  b a n d s  a t  f r e q u e n c i e s  3 ^ 0 0  and  3 ^ 0 0  
a r e  f e e b l e  r e l i c s  o f  t h e  c h a r a c t e r i s t i c  b a n d  i n  t h e  s p e c t ru m  
o f  camphor  a t  f r e q u e n c y  3500 ( J . G . 8 . ,  1 9 0 8 ,  9 3 , 9 6 1 ) .  O th e r  
i n s t a n c e s  o f  r e d u c t i o n  o f  p e r s i s t e n c e  o f  b ands  by i n t r o d u c t i o n  
o f  t h i o l  g ro u p  i n t o  t h e  m o l e c u l e  a r e  r e c o r d e d .  (F ox  and P o p e ,  
J . G . S . ,  1 9 1 3 ,  103 ,  1266) .
















O : s c i l l a t l o n  f r e q u e n c i e s .
T h lo l camphor .  —
B t h y l  t h i o l a c e t a t e ,  - -  - -
T h i o l cïimpiior + ^ m o l *  n i c k e l  a c e t a t e .
ÎS th y l t h i o l a c e t a t e  + -J- m o l .  n i c k e l  a c e t a t e
44
shew t h a t  t h e  s i m i l a r i t y  o f  c o l o u r ,  p e r c e i v e d  i n  t h e  v i s i b l e ,  
a l s o  e x t e n d s  to  t h e  u l t r a v i o l e t .  I n  b o t h  c u r v e s ,  c o r r e s p o n d i n g  
s h a l l o w  b an d s  a r e  shown a t  f r e q u e n c i e s  ' 2SÛ0  an d  3 4 O O ,  The 
c u r v e s  o f  t h e  n i c k e l  d e r i v a t i v e s  d i f f e r  w i d e l y  f rom t h o s e  o f  
t h e  p a r e n t  s u b s t a n c e s .
C. A t t e m p t s  a t  t h e  S y n t h e s i s  o f  d . l . -D icam phoryX D i s u l p h o x i d e .
Many i n v e s t i g a t i o n s  have  b e e n  u n d e r t a k e n  to  d e t e r m i n e  
w h ic h  o f  t h e  f o r m u l a e ,  I  an d  I I ,  b e t t e r  r e p r e s e n t s  t h e  r e a c t i o n s  
o f  t h e  d i s u l p h o x i d e s .
I  R  S O g  ■ S f t  R : S 0 - S 0 - R  H
H i l d i t c h  ( J . C . S . ,  19 1 0 ,  9 7 , 1 0 7 1 ) ,  who exam ined  t h e  
o p t i c a l  r o t a t i o n s  o f  c a m p h o r d i s u l p h o x i d e  and o f  r e l a t e d  s u b s t a n c e s ,  
s u p p o r t e d  t h e  c o n s t i t u t i o n  I I ,  b u t  t h e  r e c e n t  work  o f  S m i le s  
( J . G . S . ,  1 9 2 4 ,  1 2 5 , 176) i s  d e c i d e d l y  i n  f a v o u r  o f  I ,  and d u r i n g  
t h e  c o u r s e  o f  t h i s  w ork  f i n a l  p r o o f  o f  t h e  u n s y m m e t r i c a l  s t r u c t u r e  
was  a d v a n c e d  by th e  same a u t h o r .  ( J . C . S . ,  1925 ,  1 2 7 , 2 2 4 ) .
Our aim was to  p r e p a r e  d - c a m p h o ry l  ^ - c a m p h o r y l  d i ­
s u l p h o x i d e ,  f o r  a c c o r d i n g  a s  t h i s  s u b s t a n c e  i s  I  o r  I I  i t  s h o u l d  
b e  o p t i c a l l y  a c t i v e  o r  i n t e r n a l l y  c o m p e n s a t e d .
The f o l l o w i n g  m ethods  o f  s y n t h e s i s  w e re  c o n s i d e r e d .
( £  r e p r e s e n t s  t h e  cam phory l  r a d i c l e )  .
I .  C  . SOgpTg Cl; .  S C
s i l v e r  c a m p h p r s u l p h i n a t e  camphor s u l p h u r W - c h l o r i d e .
4 5 .
I I .  C .  s 0^1/ y /  ^
camphor s u l p h u r  t h i o c y a n a t e .
I I I  (a )  ç . s o , ; â - ^ - +  %  Ç
s u lp h o n y l  c h l o r i d e  s i l v e r  m e r c a p t i d e .
(b) ç.so,iBry:tv::Â].is.ç 
(0) ç . sû,ir_-_-f
IV  Q - ^ < ^ Ï Z Z t ~ j { f C Ï p Ç
t h i o l c a m p h o r  m e r c u r i c h l o r i d e .
V c . s Oj t. ~L~SS1b2> ç
sodium camphor t h i o l  s u l p h o n a t e  ”/ 3 -bromo-camphor.
I n  I ,  L e c h e r ’ s m e thod  o f  c h l o r i n a t i o n  o f  m e r c a p t a n s  
( B e r . ,  1 9 2 4 ,  755) was a p p l i e d  t o  t h i o l c a m p h o r ,  b u t  t h e
y e l l o w  o i l y  p r o d u c t ,  on t r e a t m e n t  w i t h  s i l v e r  c a m p h o r s u l p h i n a t e ,  
d i d  n o t  y i e l d  a c r y s t a l l i n e  d i s u l p h o x i d e .  I n  I I ,  t h i o l c a m p h o r  
was t r e a t e d  w i t h  t h i o c y a n o g e n  i n  t h e  m anner  d e s c r i b e d  by L e c h e r  
( B e r . ,  1 9 2 1 ,  652; 1922,  1474) w i t h  s i m i l a r  r e s u l t .  These
m e th o d s  w ere  f i n a l l y  d i s c a r d e d  on a c c o u n t  o f  t h e  u n s a t i s f a c t o r y  
n a t u r e  o f  t h e  s u l p h u r - c h l o r i d e  and  s u l p h u r - t h i o c y a n a t e . The 
t h i r d  m e th o d  was more  f u l l y  i n v e s t i g a t e d ,  b u t  I I I ( c )  was im ­
p r a c t i c a b l e  a s  c a m p h o r s u l p h o n y l i o d i d e  c o u l d  n o t  be  o b t a i n e d  
( O t t o ,  B e r . ,  2 4 ,  478) ; and u l t i m a t e l y  t h e  f a i l u r e  o f  I I I  (a)  
and  I l l ( b )  t o  p r o d u c e  t h e  d i s u l p h o x i d e  was t r a c e d  t o  t h e  
abnorm al  c o n s t i t u t i o n  o f  t h e  s i l v e r  d e r i v a t i v e  ( c f .  e a r l i e r  
p a r t  o f  t h i s  p a p e r )  . IV was v i t i a t e d  by t h e  n o n - r e a c t i v e  
c h a r a c t e r /
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c h a r a c t e r  o f  t h e  m e r c u r i  c h l o r i d e ,  an d  V was  r e j e c t e d  u n t r i e d  
on a c c o u n t  o f  t h e  u n u s u a l  p r o p e r t i e s  o f / 3 -b ro m o c a m p h o r .
I t  seems t h a t  s y n t h e s i s  o f  d - c a m p h o r y l  cam p h o ry l  
d i s u l p h o x i d e  i s  i m p r a c t i c a b l e  and now r e m a i n s  t h e  c o n s i d e r a t i o n  
o f  o b t a i n i n g  a n o t h e r  s u i t a b l e  compound to  t e s t  t h e  s u g g e s t i o n  
o f  page  4-4-* P o s s i b l e  compounds may be  t y p i f i e d
(1) d - b o r n y l  O O C -  CH^  c h ^ c o  O J - h o r n y l
(2)  d - o c t y l  - 5 0 2 .̂ S. 1 - o c t y l
Any a t t e m p t  to  p r e p a r e  a s u b s t a n c e  o f  t y p e  (1) w o u ld  
l i k e l y  f a i l  f o r  same r e a s o n  a s  b e f o r e .  The p r e s e n c e  o f  b o t h  
a  t h i o l  g ro u p  and  a c a r b o n y l  i n d i c a t e s  t h a t  a s i m i l a r l y  a b n o r m a l  
s i l v e r  d e r i v a t i v e  w ou ld  be fo rm ed .  As r e g a r d s  ( 2 ) ,  O t t o ’ s 
e x p e r i e n c e  w i t h  t h e  s im p l e r  a l k y l  d i s u l p h o x i d e ,  w h i c h  he  
o b t a i n e d  a s  im pure  o i l s ,  d o e s  n o t  e n c o u r a g e  t h e  h o p e  t h a t  
o c t y l  d i s u l p h o x i d e  c o u l d  be o b t a i n e d  c h e m i c a l l y  p u r e ,  much 
l e s s  o p t i c a l l y  s o .
Meanwhile  P h i l l i p ’ s d i s c o v e r y  ( J . C . S . ,  1 925 ,  1 2 7 ,
2 5 5 2 ) t h a t  t h e  s u l p h o x i d e  g r o u p  S may i t s e l f  become a
o
c e n t r e  o f  o p t i c a l  a c t i v i t y  c o n v i n c e d  u s  t h a t  t h e  p r o j e c t e d  
t e s t  h ad  l o s t  i t s  s u p p o se d  c o n c l u s i v e n e s s  an d  t h a t  f u r t h e r  
a t t e m p t s  t o  p r e p a r e  a  t e s t  d i s u l p h o x i d e  w ou ld  b e  t i m e  u n ­
p r o f  i t a b l y  s p e n t .
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D. I n c i d e n t a l  E x p e r im e n t s  c o n d u c t e d  d u r i n g  t h e  P r o j e c t e d  
S y n t h e s i s  o f  Camphor  D1 s u l p h o x l d e .
(a )  p . T o l y l  s u l p h u r  c h l o r i d e .
(h) 1 . 4 - D l c h l o r o p h e n y l  2 -  s u lp h u r  llhloicjrae a t  e  .
( a )  I n  t h e  s y n t h e t i c a l  work r e p o r t e d  a b o v e  ( s y n t h e s i s  I )  a  
t r i a l  c h l o r i n a t i o n  o f  p . t o l y l  m e r c a p t a n  was  c o n d u c t e d .  From 
t h i s  a  r e d  o i l  o f  c o m p o s i t i o n  C y H j S C I  (a) was  o b t a i n e d .
Cl
W (6-1 Cl
T h i s  s u b s t a n c e  r e a c t e d  w i t h  . 1 ^ - d i c h l o r o p h e n y l  2 -  
(fr)
m e r c a p t a n ^ t o  g i v e  t h e  m ix e d  d l s u l p h i d e ,  £  « t o l y l - 1 , 4 - d l c h l o r o -  
p h e n y l - 2 - d l s u l p h i d e ,  w h ic h  was c o n f i r m e d  by c o m p a r i s o n  w i t h  a 
sam ple  p r e p a r e d  by Sm i les  a n d  G ibson  ( J . C . S . ,  1 9 2 4 ,  1 7 6 ) .
Some m o n th s  a f t e r  t h e  c o m p l e t i o n  o f  t h i s  w ork .  L e c h e r  ( B e r . 
g  ) d e s c r i b e d  t h e  p r e p a r a t i o n  o f  t h i s  s u l p h u r  c h l o r i d e ,
w h ic h  I n  a l l  e s s e n t i a l s  was s i m i l a r  t o  o u r  m e th o d .
(b) L e c h e r * s  work ( B e r . ,  1 9 2 1 ,  632; 1 9 2 2 ,  1474) on t h e  a c t i o n  
o f  t h i o c y a n o g e n  on m e r c a p t a n s  showed t h a t  u n d e r  c a r e f u l l y  
r e g u l a t e d  c o n d i t i o n s  I t  i s  p o s s i b l e  t o  o b t a i n  compounds o f  
t h e  s t r u c t u r e  R.S.SGN, w h i c h  have  p r o p e r t i e s  s i m i l a r  t o  t h o s e  
o f  t h e  s u l p h u r h a l I d e s .
A p r e l i m i n a r y  t e s t  t h l o c y a n o g e n a t o n  v/as c o n d u c t e d
o n /
4 8 .
on 1 .4-D ich lorop henyl-2H m ercaptan , y ie ld in g  a product (c)  
whose c o n s t i t u t io n  was confirm ed by i t s  r e a c t io n  w ith  p . t o l y l  
m ercaptan (d) to  form the d isu lp h id e  a lre a d y  d e s c r ib e d , p . t o l y l  
1 *4**di chlorophenyl-T2-di su lp h id e  •
Cl
s -feeîÿ _ B.IS \  CH 3
, Cl
W ith  i n s u f f i c i e n t  e x c e s s  o f  t h i o  c y a n o g e n  t h e  s o l e  
p r o d u c t  was s y m - d i c h l o r o p h e n y l  d i  s u l p h i d e
p ♦ T o l y l  -  s u l p h u r - c h l o r i d e  »
A c u r r e n t  o f  p u r e ,  d r y  c h l o r i n e ,  was p a s s e d  r a p i d l y  
t h r o u g h  d r y  c a rb o n  t e t r a c h l o r i d e  (150 c c . ) , i c e - c o o l e d ,  
m e c h a n i c a l l y  s t i r r e d  and  s h a d e d  from l i g h t .  When t h e  l i q u i d  
was s a t u r a t e d ,  £ . t o l y l  m e r c a p t a n  ( 6  gm) i n  c a r b o n  t e t r a c h l o r i d e  
(50 c c . )  was v e r y  s lo w ly  d r o p p e d  i n t o  t h e  a p p a r a t u s  o v e r  a 
p e r i o d  o f  t h r e e  h o u r s ,  d u r i n g  w h ic h  t i m e  a  s t e a d y  s t r e a m  o f  
c h l o r i n e  was m a i n t a i n e d *
The r e d d i s h  l i q u i d  was i m m e d i a t e l y  v a c u u m - d i s t i l l e d .  
A f t e r  t h e  c h l o r i n e  and  c a r b o n  t e t r a c h l o r i d e  w e r e  rem oved ,  a 
r e d  o i l  d i s t i l l e d  a t  8 6 -9 2 °  a t  12 mm. T h i s  s u b s t a n c e  p o s s e s s e d  
a p u n g e n t  an e l l  and  fumed i n  a i r .
4 9 .
A n a l y s i s . C h l o r i n e .
0 . 0 9 6 6  gm. s u b s t a n c e  gav e  0 . 0 8 3 5  gm. AgCl . . Cl ^ a g e  was  2 1 . 4  
C^B^SCl r e q u i r e s  2 2 , 3 ^  C l .
p . " T o l y l - 1 . 4 - d i  c h i o r e p h e n y l  d i  s u l p h i d e . I
£ . T o l y l  m e r c a p t o - c h l o r i d e  ( 2 . 6  gm.) i n  a n h y d r o u s  
e t h e r  (20 c c . )  was m ixed  w i t h  2 . 9  gm. 1 . 4 - d i c h l o r o p h e n y l - 2 -  
m e r c a p t a n  i n  20 c c .  e t h e r .  The r e d  c o l o u r  d i s a p p e a r e d  a l m o s t  
a t  o n c e ,  and a f t e r  b e i n g  r e  f l u x e d  f o r  h a l f  an  h o u r ,  t h e  e t h e r  
was re m o v e d .  The w h i t e  c r y s t a l l i n e  r e s i d u e  w as  r e c r y s t a l l i s e d  
s e v e r a l  t im e s  from a queous  a l c o h o l .
Y i e l d  o f  p u re  p r o d u c t ,  3 gm. W hi te  f e a t h e r y  c r y s t a l s ,  
m .p .  7 1 . 5 ° ,  c o n f i r m e d  by m ix e d  m e l t i n g  p o i n t  d e t e r m i n a t i o n s  w i t h  
sam ple  o f  s u b s t a n c e  s y n t h e s i s e d  i n  a n o t h e r  way by S m i le s  an d  
G i b s o n .
1 . 4 - D i c h l o r o p h e n y l - 2 - m e r c a p t o - t h i o c y a n a t e .
7 . 5  gm. Lead t h i o c y a n a t e  w e re  added  u n d e r  i c e - c o o l i n g  
to  40 c c .  d ry  e t h e r ,  c o n t a i n i n g  1 c c . b r o m i n e ,  an d  t h e  m i x t u r e  
was s h a k e n  f o r  h a l f  an h o u r .  The now c o l o u r l e s s  s o l u t i o n  o f  
t h i o  cyanogen  w as  f i l t e r e d  f rom t h e  i n s o l u b l e  l e a d  b r o m i d e ,  
w h ic h  was  w ashed  w i t h  60 c c .  o f  d r y  e t h e r .  D u r i n g  two h o u r s  
a s o l u t i o n  o f  2 . 5  gm. 1 . 4 - d i  c h l o r o p h e n y l  m e r c a p t a n  i n  20 c c . 
d r y  e t h e r  was d r o p p e d  i n t o  t h e  f i r s t ,  w h ic h  w as  c o n t a i n e d  i n  
t h e  a p p a r a t u s  u s e d  i n  l a s t  e x p e r i m e n t .  The r e s u l t i n g  s o l u t i o n  
Was e x t r a c t e d  w i t h  i c e - c o l d  w a t e r  f o u r  t i m e s ,  d r i e d  o v e r  
c a l c i u m /
5 0 .
c a l c i u m  c h l o r i d e ,  and e v a p o r a t e d  t o  s m a l l  b u l k . A f t e r  two 
d a y s  t h e  y e l l o w ,  p o l y m e r i s e d  t h i o  cyan o g en  was f i l t e r e d  o f f ,  
g i v i n g  an  e t h e r e a l  s o l u t i o n  o f  t h e  d e s i r e d  s u b s t a n c e ,  w h ic h  
was c o n f i r m e d  by t h e  f o l l o w i n g  s y n t h e s i s .  
p . T o l y l - 1 . 4 - d i c h l o r o p h e n y l  d i  s u l p h i d e .
To t h e  e t h e r e a l  s o l u t i o n  a b o v e  was a d d e d  a n  e x c e s s  
o f  p j ^ t o l y l  m e r c a p t a n  i n  e t h e r .  A f t e r  r e  f l u x i n g  f o r  h a l f  an 
h o u r  a s u b s t a n c e  was o b t a i n e d ,  w h ic h  c r y s t a l l i s e d  from a q u e o u s  
a l c o h o l ,  m e l t e d  a t  7 1 ° ,  and  by c o m p a r i s o n  was p r o v e d  to  be  
i d e n t i c a l  w i t h  t h e  d i s u l p h i d e  d e s c r i b e d  a b o v e .
The R e a c t i v i t y  o f  t h e  M e r c u r i c h l o r i d e s  o f  M e r c a p t a n s .
The s y n t h e s i s  o f  d i s u l p h o x i d e s  ( I )  by i n t e r a c t i o n  
o f  s u l p h o n y l  c h l o r i d e s  (a) w i t h  s i l v e r  m e r c a p t i d e s  (b) i s  
u s u a l l y
I  R . S O ^ C l  +- S  R
(<X\ (£r)
i n v a l i d a t e d  by t h e  o c c u r r e n c e  o f  a c o n s e c u t i v e  r e a c t i o n ,  I I .
R . S O j s R
A ^ j S R
Each m o l e c u l e  o f  d i s u l p h o x i d e  a s  i t  i s  fo rm ed  i s  
decomposed  by t h e  r e a c t i v e  s i l v e r  s a l t .  As a  p o s s i b l e  means  
o f  e s c a p e  from t h i s  d i f f i c u l t y  t h e  r e a c t i v i t y  o f  t h e  t h i o l -  
m e r c u r i c h l o r i d e s  was ex am in ed .
2 . 5  gm. o f  t h i o c r e s o l  m e r c u r i  c h l o r i d e  ( P a r k e r ,
A n n a le n ,  1 3 6 , 79) was b o i l e d  w i t h  1 . 5  gm. t o l y l - d i s u l p h o x i d e
 ̂ e n t i r e
i n  a l c o h o l  f o r  two h o u r s  and t h e / d i  s u l p h o x i d e  was i s o l a t e d  
u n c h a n g e d .  T h i s  s u g g e s t e d  t h e  p o s s i b i l i t y  o f  s e c u r i n g  t h e
5 1 .
s y n t h e s i s  o f  t h e  d i  s u l p h o x i d e  a s  f o l l o w s :
CH3-(c  ̂ĥ ) " i g .  s (c^  CH3
E q u i v a l e n t  q u a n t i t i e s  o f  t o l y l  s u l p h o n y l  c h l o r i d e
and t h e  m e r c u r i  c h l o r i d e  w e re  b o i l e d  i n  b e n z e n e  f o r  two h o u r s
w i t h o u t  r e a c t i o n  and a  s i m i l a r  r e s u l t  was o b t a i n e d  f rom t h i o l
camphor m e r c u r i c h l o r i d e  and  c a m p h o r s u lp h o n y l  c h l o r i d e .
E v i d e n t l y  t h e  m e r c u r i c h i  o r i d e s  a r e  c h a r a c t e r i s e d
by r e m a r k a b l e  n o n - r e a c t i v i t y .

5 2 ,
The O x i d a t i o n  o f  H a r c o t l n e  by  Hydrogen P e r o x i d e .
TTTCjrpHPTPAT (Ori/MMûWD a n d  C . S. I <f Q é,
2 7 Û 2  ;  / ^ N f j u A L  R e p o r t s  C h e m  S c c .
A. The C o n s t i t u t i o n  o f  I T a r c o t l n e . K
From a s t u d y  o f  t h e  d e g r a d a t i o n  p r o d u c t s  o f  n a r c o  t i n e ,  
R ose r  (A n n a le n ,  1 888 ,  2 4 9 , 1 4 1 ;  1889,  2 5 4 , 3 3 4 - 3 5 9 ;  1893,  2 7 2 ,
221) p r o p o s e d  fo rm u la i '  I  f o r  n a r c o  t i n e .
T h is  s t r u c t u r e  h a s  been  c o n f i r m e d  by P e r k i n  end 
R o b in s o n * s  s y n t h e s i s  o f  g n o s c o p i n e ,  w h i c h  Rabe an d  M cM il lan  
( B e r . ,  1910 ,  800) had  p r e v i o u s l y  i d e n t i f i e d  a s  r a c e m i c
n a r c o  t i n e ,  and  by s u b s e q u e n t  r e s o l u t i o n  d and  1  n a r c o t i n e  






B. O x i d a t i o n  o f  A l k a l o i d s  by Hydrogen P e r o x i d e .
The f o r m a t i o n  o f  am ine  o x i d e s  (b) by t h e  a c t i o n  o f  
h y d ro g e n  p e r o x i d e  on a l k a l o i d s  c o n t a i n i n g  a  n i t r o g e n  atom l i n k e d  
to  t h r e e  d i f f e r e n t  ca rbon  a toms (a) i s  now w e l l  e s t a b l i s h e d .









P i c t e t  ( B e r . ,  1905 ,  3 8 ,  2786) s t a t e s  t h a t  t h i s  n i t r o g e n - l i n k i n g  
i s  e s s e n t i a l  to  t h e  p r o d u c t i o n  o f  s u c h  s u b s t a n c e s ,  and t h u s  ’
h y d ro g e n  p e r o x i d e  i s  r e g a r d e d  a s  a m eans  o f  d e t e c t i n g  s u c h  a 
l i n k i n g  i n  a l k a l o i d s .  (Compare,  h o w ev er ,  M e i s e n h e i m e r ,  ( B e r . ,  
1925 ,  2334) , who d e s c r i b e s  an  a m i n o x i d e  c o n t a i n i n g  t h e
g ro u p  ( c ) ) .  Am inoxides  h av e  b e e n  p r e p a r e d  from s t r y c h n i n e ,  
b r u c i n e ,  q u i n i n e  and  m o rp h in e  ( P i c t e t  and  M a t h i e s o n ,  B e r . ,
1905 ,  3 8 ,  2782 ,  F re u n d  and S p e y e r ,  B e r . ,  1910,  3310 ;  S p ey e r
and  B e c k e r ,  B e r . ,  1922,  5 5 , 1321,  1829) and a l s o  from n i c o t i n e ,  
t r  o p i n e  and  s p a r t e i n e  ( p i n n e r  and V/olf f e n  s t e i n ,  B e r . ,  1891 ,  2 4 , 
63;  M e r l i n g ,  B e r . ,  1892,  2 ^ ,  3 1 2 4 ) .  Among t h e s e  d i f f e r e n c e s  i n  
t h e  r e a c t i v i t y  o f  t h e  a m i n e - o x i d i c  ox y g en  a tom s  a r e  fo u n d ,  a s  
s h o rn  by t h e i r  a c t i o n  on a q u e o u s  p o t a s s i u m  i o d i d e  a n d  by t h e  
d e g r e e  o f  r e a d i n e s s  w i t h  w hich  th e y  a r e  r e d u c e d  t o  t h e  p a r e n t  
s u b s t a n c e s .
TESORETICAL..
■ I t  was e x p e c t e d  t h a t  n a r c o t i n e ,  by v i r t u e  o f  i t s  
t e r t i a r y  n i t r o g e n  atom, w ould  r e a c t  i n  a s i m i l a r  manner  w i t h  
h y d ro g e n  p e r o x i d e  t o  form an  a m i n o x i d e .
The o x i d a t i o n  o f  1 - n a r c o t i n e  by h y d r o g e n  p e r o x i d e  
u n d e r  v a r y i n g  c o n d i t i o n s  o f  s o l v e n t  a n d  t e m p e r a t u r e  was s t u d i e d .  
The m e d i a ,  a c e t o n e ,  d i l u t e  s u l p h u r i c  a c i d  and  g l a c i a l  a c e t i c  
a c i d  w ere  u s e d ,  t h e  e f f e c t  o f  f e r r o u s  s u l p h a t e  a s  a c a t a l y s t  
was exam ined  and  t h e  t e m p e r a t u r e  was v a r i e d  from 1 5 ^ 0 .  to  t h e  
d e c o m p o s i t i o n  t e m p e r a t u r e ,  6 0 ° ,  o f  t h e  h y d ro g e n  p e r o x i d e  s o l u t i o n .  
M o s t /
5 4 .
M ost  a t t e m p t s  f a i l e d  b u t  u l t i m a t e l y  m o d e r a t e  y i e l d s  o f  a 
c r y s t a l l i n e  p r o d u c t  w ere  o b t a i n e d  u n d e r  c a r e f u l l y  r e g u l a t e d  
c o n d i t i o n s  i n  g l a c i a l  a c e t i c  a c i d .
T h i s  s u b s t a n c e ,  a f t e r  c r y s t a l l i s a t i o n  from a c e t o n e ,  
m e l t e d  a t  229°  and had  a c o m p o s i t i o n  c o r r e s p o n d i n g  t o  n a r c o t i n e  
+ 1 atom o f  o x y g e n .  I t  was  f e e b l y  b a s i c  and  t h e  p o s s i b i l i t y  o f  
i t s  b e i n g  g n o s c o p in e  ( r a c e m i c  n a r c o  t i n e ,  M.P.  232°)  was e l i m i n a t e d  
by t h e  d i s c o v e r y  t h a t  i t  was d e x t r o - r o t a t o r y .  From i t s  i n s o l u ­
b i l i t y  i n  sodium h y d r o x id e  s o l u t i o n ,  i t  was i n f e r r e d  t h a t  t h e  
l a c t o n i c  s t r u c t u r e ,  o r i g i n a l l y  p r e s e n t  i n  t h e  n a r c o t i n e ,  h a d  
r e m a i n e d  i n t a c t .  O th e r w i s e  a c a r b o x y l  g ro u p  w o u ld  u n d o u b t e d l y  
h a v e  been  p r o d u c e d .  The s u b s t a n c e  was f o r m u l a t e d  a s  an a m in ­














IV hi ls t  o x i d a t i o n \ n a r c o t i n e  by o t h e r  m eans  (W o h le r ,  
A n n a le n ,  1844., 18;  A nderson ,  A n n a le n ,  1853 ,  56 ,  187) h a s
r e s u l t e d  i n  t h e  f i s s i o n  o f  t h e  m o l e c u l e  b e tw e e n  t h e  i s o q u i n o l i n e  
a n d /
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t i t e
a n d ) b e n z e n o i d  n u c l e i ,  w i t h  h y d ro g e n  p e r o x i d e  t h e  c o m p l e x i t y  
o f  t h e  m o l e c u l e  i s  p r e s e r v e d .  C o n f i r m a t i o n  o f  t h e  p r e s e n c e  
o f  t h e  n a r c o  t i n e  s k e l e t o n  i n  t h i s  new s u b s t a n c e  h a s  been  
o b t a i n e d  by o x i d a t i o n .  A n d e r so n  ( l o c . c i t . )  o x i d i s e d  n a r c o t i n e  
by n i t r i c  a c i d  to  a b a s e  c o t a r m i n e ,  o p i a n i c  a c i d .  I I I ,  a n d  t h e  
d i b a s i c  a c i d ,  h e m i p i n i c  a c i d ,  IV ,  f o rm e d  by f u r t h e r  o x i d a t i o n  
o f  t h e  l a t t e r .  Under  s i m i l a r  c o n d i t i o n s  we o b t a i n e d  f rom t h e  
n a r c o t i n e  a m in o x id e  an a c i d ,  r e a d i l y  i d e n t i f i e d  a s  IV.  IVe 
f a i l e d  to  i s o l a t e  t h e  b a s i c  p a r t  o f  t h e  m o l e c u l e .
The s p a r i n g l y  s o l u b l e  a m in o x id e  d i d  n o t  e n t e r  i n t o  
t h e  r e a c t i o n s  w h ic h  c h a r a c t e r i s e  many members o f  t h e  c l a s s ,  
b u t  i t s  f e e b l e  b a s i c i t y ,  e v i d e n c e d  by i t s  r e f u s a l  to  form 
s a l t s ,  would  a c c o u n t  f o r  i t s  i n a c t i v i t y .  I t  w a s ,  hov /ever ,  
s o l u b l e  i n  s t r o n g  a c i d s  an d  from a t r i a l  r e d u c t i o n  to  t h e  
p a r e n t  n a r c o t i n e  by means o f  t i n  an d  h y d r o c h l o r i c  a c i d ,  a 
c r y s t a l l i n e  s u b s t a n c e  was o b t a i n e d ,  M.P .  1 9 1 ° .  At f i r s t  t h i s  
was t h o u g h t  to  be  a r e d u c t i o n  p r o d u c t ,  b u t  t h e  d i s c o v e r y  t h a t  
t h e  compound was an a c i d  r e n d e r e d  t h i s  view h i g h l y  i m p r o b a b l e .  
T r e a t m e n t  o f  t h e  a m in o x id e  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  
a l o n e  showed t h a t  t h e  s u b s t a n c e  c o u ld  be  o b t a i n e d  i n  t h e  a b s e n c e  
o f  t i n ,  w h ich  seemed to  i n d i c a t e  t h a t  h y d r o l y s i s  h ad  o c c u r r e d .
T h i s  compound was fo u n d  to  b e  a h y d r o c h l o r i d e  ( a t t a c h e d  
to  t h e  n i t r o g e n  atom) an d  c o n t a i n e d  a c a r b o x y l  g r o u p .  As t h e  
a m in o x id e  d i d  n o t  c o n t a i n  t h e  l a t t e r ,  t h i s  compound c o u l d  n o t  
be r e g a r d e d  s im p ly  a s  t h e  hyd ro  c h l o r i d e  o f  t h a t  s u b s t a n c e .  
A n a l y s i s  r e v e a l e d  t h e  c o m p o s i t i o n  an d
h y d r o l y t i c /
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h y d r o l y t i c  r u p t u r e  o f  t h e  l a c t o n e  r i n g  was p r o b a b l y  t h e  s o u r c e  
o f  t h e  c a r b o x y l  g r o u p  ( f o r m u l a  V I ) .  The o p t i c a l  a c t i v i t y  o f  
t h e  a m in o x id e  h ad  d i s a p p e a r e d ,  a s  t h e  h y d i * o c h lo r id e  was i n a c t i v e
C H . OM
T HCl  
CO-OH
C0.6 H
XL : s r : a x 3zr
The s u b s t a n c e  was u n s t a b l e  an d  r e a d i l y  h y d r o l y s e d  to  
a n  u n u s u a l l y  i n s o l u b l e  a c i d ,  N, M # p . 2 1 2 ° ,  a n d  r e c o n ­
v e r s i o n  t o  t h e  h y d r o c h l o r i d e  was r e a d i l y  e f f e c t e d .  The open 
l a c t o n e ,  p re su m ed  to  b e  p r e s e n t  i n  t h e  h y d r o c h l o r i d e ,  h a s  
e v i d e n t l y  b e e n  l e f t  i n t a c t  ( f o r m u l a  VII)  . The s t a b i l i t y  o f  
t h i s  s u b s t a n c e  a s  a h y d r o x y - a c i d  a p p e a r s  r e m a r k a b l e ,  b u t  a 
p a r a l l e l  i s  found  i n  t h e  c a se  o f  t h e  h y d r o x y - a c i d  f rom g T i o s c o p l n e .
Rabe  and M cM il lan  (A n n a le n ,  1 9 1 0 ,  3 7 7 , 242)  h a v e  shewn 
t h i s  s u b s t a n c e  t o  be  much more s t a b l e  t h a n  t h e  c o r r e s p o n d i n g  
compound f rom  n a r c o  t i n e .  VJhen a  s o l u t i o n  o f  t h e  sod ium  s a l t  o f  
n a r c o t i n e ^  IX^ i s  a c i d i f i e d ,  o r d i n a r y  l a c t o n i c  n a r c o t i n e  i s  
g r a d u a l l y /
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g r a d u a l l y  p r e c i p i t a t e d ,  i n d i c a t i n g  t h a t  l a c t o n i s a t i o n  h a s  t a k e n  
p l a c e  i n  s o l u t i o n ;  b u t  when a s o l u t i o n  o f  t h e  sodium s a l t  o f  
g n o s c o p in e ^ X I  (w h ich  i s  much more s o l u b l e  t h a n  ^ the c o r r e s p o n d i n g  
s a l t  o f  n a r c o t i n e )  i s  a c i d i f i e d ,  t h e  e x p e c t e d  g n o s c o p i n e  i s  n o t  
p r e c i p i t a t e d  b u t  th e  i n s o l u b l e  g n o s c o p i n e  h y d r o x y - a c i d ^ X I I ^  i s  
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I n  t h e  l a t t e r  c a s e  t h e  s u b s t a n c e  l e a v e s  t h e  s o l u t i o n  
b e f o r e  l a c t o n i s a t i o n  can  o c c u r .  To u s ,  t h e n ,  i t  seems t h a t  
t h e  u n u s u a l  s t a b i l i t y  o f  t h e  r a c e m i c  h y d r o x y - a c i d  i s  due to  
i t s  g r e a t  i n s o l u b i l i t y .  Rabe a n d  M cM il lan  s u g g e s t  t h e  p o s s i ­
b i l i t y  t h a t  t h i s  s u b s t a n c e  may assum e t h e  b e t a i n e  s t r u c t u r e  X I I I ,  
w h i c h  would  conduct-  to  s t a b i l i t y - *
The s t a b i l i t y  o f  th e  a m in o x id e  h y d r o x y - a c i d ,  V I I ,  w h i c h  
we h a v e  o b t a i n e d ,  may a l s o  be  due to  i t s  u n d o u b t e d  i n s o l u b i l i t y  
an d  by a n a l o g y  we s u g g e s t  t h e  b e t a i n e  f o r m u l a  V I I I .
5 8 .
EXPERIMENTAL.
O x i d a t i o n  o f  N a r c o t i n e  by Hydrogen P e r o x i d e .
The o x i d a t i o n s  c o n d u c te d  i n  a q u e o u s  h y d r o g e n  p e r o x i d e  
(3 0 ^  c o n c e n t r a t i o n )  and i n  more  d i l u t e  s o l u t i o n s  i n  a c e t o n e  and 
d i l u t e  s u l p h u r i c  a c i d  g e n e r a l l y  y i e l d e d  t a r r y  m a t t e r .  I n  a few 
t r i a l s  i n  s u l p h u r i c  a c i d  a s m a l l  q u a n t i t y  o f  t h e  c r y s t a l l i n e  
a m in o x id e  v/as o b t a i n e d .  W i th  f e r r o u s  s u l p h a t e  a s  c a t a l y s t  i n  
s t r o n g  h y d ro g en  p e r o x i d e  s o l u t i o n  a v i g o r o u s  a c t i o n ,  a c c o m p a n ie d  
by much c h a r r i n g ,  to o k  p l a c e .
I n  t h e  e a r l i e r  t r i a l s  a t t e m p t s  were  made to  p u r i f y  
t h e  t a r r y  m a t e r i a l .  I t  was fo und  t o  be  v e r y  s o l u b l e  i n  a c e t o n e  
and c h l o r o f o r m ,  s p a r i n g l y  s o l u b l e  i n  b e n z e n e  a n d  e t h y l  a l c o h o l  
and i n s o l u b l e  i n  e t h e r  and l i g r o i n .  C r y s t a l l i s a t i o n  from a l l  
t h e  common o r g a n i c  s o l v e n t s  and  from s u i t a b l e  m i x t u r e s  o f  t h e s e  
was t r i e d  w i t h o u t  s u c c e s s .  P r e c i p i t a t i o n  w i t h  e x c e s s  o f  e t h e r  
from a  s a t u r a t e d  s o l u t i o n  i n  c h l o r o f o r m  was f o u n d  i n e f f e c t i v e  
and a t t e m p t s  to  e x t r a c t  a b a s i c  p r o d u c t  a s  p i c r a t e  w ere  u n a v a i l ­
i n g .  T h i s  r e s i d u e  seems to  c o n s i s t  o f  c o m p le x ^ h ig h ly  p o l y m e r i s e d  
o x i d a t i o n  p r o d u c t s  somewhat r e s i n o u s  i n  n a t u r e .
O x i d a t i o n  o f  n a r c o t i n e  i n  a c e t i c  a c i d  s o l u t i o n  gave  
s t e a d y  and  s a t i s f a c t o r y  y i e l d s  when t h e  c o n d i t i o n s  d e s c r i b e d  
below w e r e  r i g i d l y  f o l l o w e d .  *
2 0  gm. l o t s  o f  1 - n a r c o t i n e  ( 1  m o l . )  w e r e  d i s s o l v e d  i n  
50 c c .  p u r e  g l a c i a l  a c e t i c  a c i d ,  and  t h e  s o l u t i o n s  w ere  p u t  i n  
s t o p p e r e d  b o t t l e s  on a s h e l f  e xposed  to  s u n l i g h t .  Each  day  1 c c .  
o f  a q u e o u s  h y d ro g e n  p e r o x i d e  ( c o n c e n t r a t i o n  30^)  was a d d e d  to  
e a c h /
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e a c h  b o t t l e  from a b u r e t t e  and  a shake  was a d m i n i s t e r e d .  A f t e r  
1 2  c c .  (2  m o i s . )  o f  h y d ro g e n  p e r o x i d e  h ad  b ee n  a d d e d ,  t h e  now 
g o l d e n - y e l l o w  c o n t e n t s  o f  e a c h  b o t t l e  w e r e  com bined  and  t h e  
l i q u i d  was a l m o s t  n e u t r a l i s e d  w i t h  sodium c a r b o n a t e ,  s u f f i c i e n t  
a c i d  b e i n g  l e f t  to  r e t a i n  any u n c h a n g e d  n a r c o t i n e  i n  s o l u t i o n ;  
a n d  t h e  s t i c k y  m ass ,  w h ich  s e p a r a t e d ,  was  e x t r a c t e d  w i t h  c h l o r o ­
fo rm .  T h i s  e x t r a c t  was s h a k e n  w i t h  d i l u t e  sodium c a r b o n a t e  
s o l u t i o n  f o l l o w e d  by w a t e r  to  remove a c i d i t y  and  was  d r i e d  o v e r  
a n h y d r o u s  sodium s u l p h a t e .  On e v a p o r a t i o n ,  t h e  e x t r a c t  y i e l d e d  
a v i s c o u s  m a t e r i a l  w h ic h ,  when s t i r r e d  v/i t h  150 c c .  o f  d r y  
a c e t o n e ,  and  c o o l e d  i n  i c e ,  l e f t  a y e l l o w  am orphous  s o l i d .  Y i e l d  
2 5 ^  o f  t h e o r e t i c a l .  The s u b s t a n c e ,  n a r c o t i n e  o x i d e , was  f o u n d  
t o  be  f a i r l y  s o l u b l e  i n  b o i l i n g  a c e t o n e ,  th o u g h  a l m o s t  i n s o l u b l e  
i n  c o l d ,  and  was t h u s  r e a d i l y  c r y s t a l l i s e d  from t h i s  s o l v e n t .
The c r y s t a l s  w ere  n e e d l e - s h a p e d  and  grew  i n  c u r i o u s  c l u s t e r s ,  
e a c h  b e i n g  composed o f  c r ^ ^ s t a l s  r a d i a t i n g  from t h e  c e n t r e .  The 
s u b s t a n c e  m e l t e d  a t  2 2 3 ^ ,  b u t  f u r t h e r  c r y s t a l l i s a t i o n  r a i s e d  
t h e  m e l t i n g  p o i n t  to  2 2 9 ° .
A n a l y s i s .
.1562 gm. s u b s t a n c e  g a v e  .3506  gm. COg; .0731  gn.  % 0 .
.0961 " " " .2164  " .0467  "
.1884  " " " 5 .2  c c .  Ng a t  25*  ̂ an d  765 mm,
^  M n  Kl Found .  C a l c .
‘ 2.3
C 6 1 . 2 ,  6 1 .4  61 .1
H 5 . 2 ,  5 . 4  5.4%
N , 3 . 1  3.3%
60
O p t i c a l  r o t a t i o n .
.1491 gm. s u b s t a n c e  i n  11 c c ,  c h l o r o f o r m .  1 = .5  dm.
= + .9 4 °  K 1  s= 4- 139°
T h i s  compound d o e s  n o t  l i b e r a t e  i o d i n e  f r o m  a q u e o u s  
p o t a s s i u m  i o d i d e .  I t  was u n a f f e c t e d  by t r e a t m e n t  w i t h  s u lp h u r  
d i o x i d e  i n  c h i o r o f o r m  s o l u t i o n  and  a l s o  by warm ing  w i t h  a l k a l i n e  
sodium s u l p h i t e  i n  aq u e o u s  s o l u t i o n ,  e a c h  o f  w h ic h  u s u a l l y  
p r o d u c e  r e d u c t i o n  o f  a m in o x id e s  to  t h e  p a r e n t  s u b s t a n c e s .  The 
compound was m o d e r a t e l y  s o l u b l e  i n  c h l o r o f o r m ,  s p a r i n g l y  i n  
a l c o h o l  and p r a c t i c a l l y  i n s o l u b l e  i n  t h e  o r d i n a r y  o r g a n i c  s o l v e n t s ,  
r e a d i l y  s o l u b l e  i n  c o n c e n t r a t e d  a c i d s  and was  u n a f f e c t e d  by 
a l k a l i .  P i c r i c  a c i d  i n  a c e t o n e  and  p l a t i n i c  c h l o r i d e  i n  h y d r o ­
c h l o r i c  a c i d  h a d  no e f f e c t  on t h e  s u b s t a n c e .
We a r e  i n d e b t e d  to  Dr. C u t h b e r t s o n  f o r  an e x a m i n a t i o n  
o f  i t s  p h y s i o l o g i c a l  p r o p e r t i e s ,  w h i c h ,  h o w ev e r ,  do n o t  a p p e a r  
to  be  m a rk e d .  T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  r e c e n t  r e s u l t s  
o b t a i n e d  by P o lo n o v s k i  (Compt, r e n d . ,  1925 ,  1 8 1 , 887) i n  
c o n n e c t i o n  w i t h  o t h e r  a l k a l o i d a l  a m i n o x i d e s .
O x i d a t i o n  o f  N a r c o t i n e  Oxide w i t h  N i t r i c  A c i d .
3 gm. o f  t h e  o x i d e  were  t r e a t e d  w i t h  a  s o l u t i o n  o f  
8 c c . o f  c o n c e n t r a t e d  n i t r i c  a c i d  i n  30 c c . o f  w a t e r  a t  50^ ,
The o x i d a t i o n  was  slov/ on a c c o u n t  o f  t h e  s p a r i n g  s o l u b i l i t y  o f  
t h e  o x id e  and  a f t e r  14 d a y s  t h e  u n c h a n g ed  m a t e r i a l  was  f i l t e r e d  
o f f .  The s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r ,  and  t h e  e x t r a c t ,  
a f t e r  b e i n g  shaken  w i t h  powdered c a l c iu m  c a r b o n a t e  t o  remove 
_acjdi  t y /
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a c i d i t y ,  y i e l d e d  a w h i t e  c r y s t a l l i n e  a c i d ,  w h ic h  was  r e c r y s t a l l i s e d  
from d ry  e&ber ,  M.P.  1 7 6 ° .
E q u i v a l e n t .
.0922  gm. a c i d  r e q u i r e d  5 9 . 0 5  c c . .0211 N.HaOH.
Found:  e q u i v a l e n t  112 Hg 0^ ( coom)^ r e q u i r e s  1 1 3 .
A m ix ed  m e l t i n g  p o i n t  d e t e r m i n a t i o n  w i t h  a s am p le  o f  
h e m i p i n i c  aci,d g a v e  no d e p r e s s i o n .
From t h e  aq u eo u s  l i q u o r ,  a f t e r  c o m p l e t e  n e u t r a l i s a t i o n ,  
e v a p o r a t i o n  and  e x t r a c t i o n  w i t h  a l c o h o l ,  a s m a l l  q u a n t i t y  o f  a 
y e l l o w  o i l  v/as o b t a i n e d  w h ic h  was n o t  i d e n t i f i e d .
A c t i o n  o f  H y d r o c h l o r i c  A c id  on N a r c o t i n e  O x i d e .
The o x i d e ,  d i s s o l v e d  i n  c h l o r o f o r m ,  was u n a f f e c t e d  by 
h y d ro g e n  c h l o r i d e ;  b u t  f rom a s o l u t i o n  o f  5 gm. o f  t h e  s u b s t a n c e  
i n  1 0 0  c c .  o f  c o n c e n t r a t e d  h y d ro c h d .o r i c  a c i d  a  s o l i d  b e g a n  to  
s e p a r a t e  a f t e r  24 h o u r s  and  t h e  amount  i n c r e a s e d  on a d d i t i o n  o f  
w a t e r .  T h i s  s u b s t a n c e ,  t h e  h y d r o c h l o r i d e  o f  n a r c o t i n e  a m in o x id e  
h y d r o x y - a c i d ,  r e a d i l y  c r y s t a l l i s e d  f rom a b s o l u t e  a l c o h o l  and 
Was s o l u b l e  i n  a q u eo u s  sodium c a r b o n a t e ,  b u t  i n s o l u b l e  i n  w a t e r  
and e t h e r .  I t  m e l t e d  a t  1 9 1 ° .
A n a l y s i s .
.1121  am. s u b s t a n c e  gav e  .2261 gm. COg; .0 5 5 5  gm. HoO.
.1362  ” ' " .2727 " " .0 699 " ^
.0981 " " " .0288 AgCl.
N /H C l .  F o u n d . C a l c .
C 5 5 . 0 ,  5 4 . 6  54.7%
H 5 . 5 ,  5 . 7  5.4%
Cl  ̂ 7 . 1  7 .3%
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I t  was s t a b l e  i n  t h e  p r e s e n c e  o f  h y d r o c h l o r i c  a c i d ,  
b u t  r e p e a t e d  c r y s t a l l i s a t i o n  from a q u e o u s  a l c o h o l  o r  e x p o s u r e  
t o  t h e  a i r  g r a d u a l l y  c o n v e r t e d  i t  i n t o  t h e  h y d r o x y - a c i d  i t s e l f ,  
M .P .  2 1 2 ° ,  w h ic h  was i n s o l u b l e  i n  a l l  o r d i n a r y  o r g a n i c  s o l v e n t s .  
T h i s  change  was a c c e l e r a t e d  by w arming w i t h  w a t e r .
A n a l y s i s .
.1200 gm. s u b s t a n c e  gave  .2588  gm. COp: .0554  gm. IfoO
.1023 " " " .2198  " " .0534  "
.1880 " " " 5 . 5  c c .  112 a t  2 1 °  and  759 mm.
Cg? ^25 F o u n d . C a l c .
C 5 8 . 8 ,  5 8 .6  59.1%
H 5 . 5 ,  5 . 8  5.6%
N 3 . 3  3.1%
E x c e s s  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  was added  
t o  a  s o l u t i o n  o f  t h i s  a c i d  i n  a q u eo u s  sodium h y d r o x i d e .  A 
c r y s t a l l i n e  s o l i d  r a p i d l y  s e p a r a t e d ,  and  v/as i d e n t i f i e d  a s  
t h e  h y d r o c h l o r i d e ,  M.P.  1 9 1 ° .
The a d d i t i o n  o f  l e a d  a c e t a t e  to  a  s o l u t i o n  o f  t h e  
ammonium s a l t  p r e c i p i t a t e d  a y e l l o w  l e a d  s a l t .
,0 9 7 8  gm. s u b s t a n c e  g av e  .0269 gn .  PbSO^.
Found:  Pb, 1 8 .2  ^ ^ —Pb r e q u i r e s  Pb,  18 .8% .
D i l u t e  s u l p h u r i c  a c i d  p r e c i p i t a t e d  f rom  a  s o l u t i o n  
o f  t h e  sodium s a l t  a v i s c o u s  o i l ,  w h i c h  d i s s o l v e d  on b e i n g  
g e n t l y  warmed. From t h i s  s o l u t i o n  t h e r e  s e p a r a t e d  a s u l p h a t e 
i n /
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i n  s m a l l ,  w h i t e  n e e d l e s ,  M.P.  1 4 8 ° .
.1685 gm. s u b s t a n c e  g a v e  .0372 gm. BaSO^..
Pound; SO4 , 9 .1.(^2 /\| )^,H2 SO4  r e q u i r e s  SO4 , 9.3%
The a u t h o r  d e s i r e s  to  e x p r e s s  h i s  I n d e b t e d n e s s  
t o  p r o f e s s o r  G. G. H e n d e r so n ,  F . R . S . ,  Dr A. M cM il lan  
and  Dr D. T. G ibson  f o r  a d v i c e  an d  f a c i l i t i e s  t o  c a r r y  
o u t  t h i s  w o rk .
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